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3 Million Tons of iron and steel scrap are wanted every month... Are 
you doing your part to help America win her battle of production ? 


CONSERVATION AUTHORITIES RECOMMEND THESE 8 STEPS TO GET IN THE SCRAP 


Put some one individual in charge of scrap in all de- 
partments of your business and GIVE HIM AUTHOR- 
ITY TO ACT. 


2 Comb the plant and yards for dormant scrap, aban- 
doned equipment, old boilers, pipe, moulds, obsolete 
dies and parts, material now being destroyed which has 
salvage value. 


3 Survey all plant equipment, particularly idle stand- 
by or discarded machines, with a view to applying 
or converting them to useful production. 


SEGREGATION: 

Identify, classify and segregate scrap and supervise 
its handling to avoid contamination. This will increase 
its value. 

Provide separate containers, clearly marked, tor each 
class of scrap material. 

Repair or rework worn or broken cutting tools Keep 
unusable small pieces and turnings segregated. Even 
high speed steel grinding dust is valuable. 

Dismantle discarded equipment promptly into its 
components—electrical, fastenings, lumber, etc.—so 
that these parts may be utilized or scrapped. 


Sort blanks, short ends, cut-downs, clippings, etc., 
for possible reuse for smaller parts made in the same 
or other departments. 

Recover and reclaim used cutting oils, lubricants, 
surplus paints and spray finishes. 

Sort sweepings and miscellaneous waste to recover 
scrap values. 


Constant reminders in the form of posters, illustra. 

tions of right and wrong methods, pay envelope en- 
closures, house organ publicity, etc., are potent aids 
to the conservation program. 


Release for scrap, obsolete engravings, electrotypes, 
and standing types for catalogs, forms and advertis- 
ing material. 
] Inspect all refuse to detect avoidable waste and 


excessive rejections. Educate production executives 
to correct such conditions at the source. 


8 For information and assistance on special phases d 
conservation and salvage communicate with Indus 
trial Salvage Section, Conservation Division, War Pro 
duction Board, 9th Floor, Washington: Gas Light Build- 
ing, Washington; D.C., or with nearest regional office 


The metallurgical experience of our technical staff is available 
to aid you in these and other technical phases of metal salvage. 





THE INTERNATIONAL NICKEL COMPANY, INC. 


67 WALL STREET! 
NEW YORK, N. !. 
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America’s Liberty Ships 


Liberty ships have stood the test 
Their performance is better than thar 
which was expected. They are sliding 
off the launching ways in ever increas- 
ing numbers. Some idea of the efforts 
being put forth by the United States 
Maritime Commission and the ship- 
yards of the country to accelerate the 
production of seaworthy cargo ships 
can be obtained from this month’s lead 
article, It tells how modern shipbuild- 
ing technique and American mass- 
production methods have reduced time 
and manpower necessary to fabricate 
and manufacture materials and parts, 
and to construct cargo vessels. 


Designing Molded Plastic Parts 


Increasing experience in plastics ap- 
plications and design, new plastic mate- 
rials, and improvements in molding 
technique, all serve to standardize and 
bring about agreement among engi- 
neers as to approved design practice. 
The article by Horace C. Hillman, be- 
ginning on page 498 and the Reference 
Book Sheets on pages 545 and 546, con- 
tain a wealth of up-to-date data on the 
properties of plastics and give design 
precautions that can be relied upon in 
designing molded plastic parts. 


Photographic Range 


One of the often vexing questions 
when taking a picture of a machine is 
how far away to put the camera in 
order to get the details as large as pos- 
sible. A. C. Rasmussen, on page 493 of 
this number, gives a simple way to cal- 
culate the optimum distance from 
camera lens to object. It takes out the 
guess when trying to get maximum 
coverage on the film. 


The Amazing Imitators 


The tricky Japs developed an unusual 
technique in copying American designs 
of military planes, as described in this 
article (page 504), based on a report 
Y engineers of the Army Air Forces. 


The 


sons of Nippon were not satisfied 
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to make faithful duplicates, but selected 
what they considered outstanding de- 
sign features in each of a number of 
American designs of the engine or de- 
vice they were imitating. The amazing 
thing is that their finished designs were 
good. The big question now is whether 
or not the Japanese have enough able 
engineers to match the progress being 
made in designs of American military 
planes. The article gives some answers 
to this important question. 


Wartime Designs and 
Developments 


One of the biggest factors contribut- 
ing to the success of American industry 
in its gigantic war job is the special 
production machinery designed to do 
things in a big way. One such machine 
is the Snyder fin-miller, a special single- 
purpose machine to produce the fins on 
the cylinder barrels of airplane engines. 
Details of the design of this machine, 
amazing in its simplicity, are given on 
pages 507-510 in our new section “War- 
time Designs.” The ingenious hydraulic 
and electrical circuits of this machine 
are noteworthy and might find applica- 
tion in principle on other equipment. 


Impact Vibrations—II 


Following up the analysis of the 
physical laws of vibration damping and 
the study of the properties of materials 
used in energy damping installations 
that was presented in the August issue 


Laws Proposed to Modify Patent Protection 


of P.E., Leon M. Dekanski tells in Part 
II of the article, pages 515-518, how to 
derive equations for the calculation of 
displacements, load on the energy 
damping element, and the reaction of 
the ground. 


Thermal Insulating Materials 


Many types of industrial and domestic 
equipment depend for their economic 
operation upon the use of insulating 
materials for the maintenance of a de- 
sired temperature. This objective is 
obtained, of course, only after the engi- 
neer has made a study of the properties 
of the materials available. S. V. Saginor 
in his article on pages 494-497, describes 
the field for various insulants, their 
characteristics and methods for their 
application. A good article for the engi- 
neer to have in his data file for handy 
reference. 


Testing Small Springs 


A spring design job is not always 
finished after load and deflection have 
been determined. There remains the job 
of determining how long the spring will 
last before it breaks or before its “set” 
exceeds the required limits. John Cava- 
nagh, of Kenney Manufacturing Com- 
pany, has devised test equipment (an 
old filing machine, a revolution counter, 
a door bell and relays) that can be 
rigged up by any design and research 
department. Details of equipment and 
procedure are presented on page 520. 





Two bills are now being considered. The purpose of one is to give the President 
power to grant licenses to manufactur any patented product. The other bill would 
grant similar authority to the Commissioner of Patents. Numerous other patent 
rights restrictions are included in these bills, such as making it mandatory to file 
all the terms of a licensing agreement with the Federal Trade Commission, and 
making it illegal to grant licenses with any restrictions whatsoever. 

October Propuct ENGINEERING will present a detailed analysis of these bills 
along with the reports of interviews with members of the Patent Committee, 
Commissioner of Patents, government officials, patent attorneys and industrialists. 


Flash Welded Assemblies 


For obvious reasons, the aircraft industry is doing a tremendous amount of 
experimental work on welded constructions and welding processes. Among these 
processes, flash welding offers many advantages, particularly in the savings of 
cost, weight and production time. But like all other processes, when one gets into 
it there are many details to consider. In a well-illustrated article with a wealth of 
design data, including a nomogram for figuring lengths of parts to be flash welded, 
L. W. Combs, research engineer of Lockheed Aircraft, covers practically all of the 
important factors to be considered when designing for flash welded assemblies. 
The article will be presented in October P.E. 


What Kind of Model? 


Models are handy tools but require some skill in their use. In his article to 
appear in October P.E., Dr. H. O. Fuchs of General Motors Corporation compares 
the different typés of models, namely, mockups, demonstration models and models 
for making investigations. He explains why and when certain laws must be obeyed, 
when liberties may be taken, and gives examples of analogs. 








ee 





Designs With Different Materi, 


Before aircraft structural design jp. 
fluenced the thinking of engineers, an 
designing for minimum weight was ny 
essential, it was usually assumed that 
the weight of a structure would be 4 
rectly proportional to the weight 
strength ratio of the material used, 
Now, thanks largely to more exhaustiy, 
stress analyses by aircraft designe 
this assumption has been pretty well 
discredited. Some of the other tres 
factors whose analyses have made pos. 
sible competitive light-weight structures 
in steel, aluminum, plywood, plastics 
and magnesium are discussed in th 
article starting on page 530. 


Synchronous Motor 


A new miniature (2-in. dia.) gy. 
chronous motor has been designed }y 
Westinghouse for meters, recording ip. 
struments, and similar applications, The 
new motor eliminates necessity for high. 
speed gearing since it operates at 60) 
r.p.m. on 60-cycle circuit and uses th 
hysteresis principle. See page 502 for 
its description. 


Multi-Field Pilot Generator 


Performance regulation, a refinement 
in speed control of electric motor-p- 
erated equipment, is being required in 
an increasing number of applications 
where closer regulation of speed is de 
sirable, such as in the operation of 
paper-making machinery. This articl 
explains an improved method of speed 
control made possible by a small acces 
sory generator which regulates the field 
current of the main d.c. generator sup 
plying power to the motor. Its principles 
of operation and typical circuit die 
grams are described by C. W. Drake, 
Westinghouse engineer, beginning 
page 521. 


Design of Forgings 


E. F. Burton, chief engineer of Dov 
glas Aircraft Company, called our # 
tention to the fact that the bottleneck 
in the production of forgings, especially 
big ones, is largely caused by forging 
designs. As Mr. Burton pointed out 
many designs of forgings can be sit 
plified and thereby make possible big 
ger production in existing forge shops 
By improved design, forging time ‘# 
be reduced, less time will be required 
to make the dies, and die life will & 
increased. In view of the importance 
this problem, we induced 0. A 
Wheelon, methods analysis engineer © 
Douglas, to give us the article beginmit 
on page 524. It is a “reference tyP 
article. 
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The Aviation Industry is doing its job... 
A Year’s Production A Week — Every Week 





| 





MERE hundred planes a month in 1938; 200 in 

1939; 450 in 1940; 1,600 in 1941, and today, as this 
is written, plane production goes on at a rate of 5,000 a 
month. A previous year’s production now in one single 
week — every week. 

So begins the story of the greatest industrial expansion 
in history; an industrial miracle that far surpasses any- 
thing our enemies ever have done or can do. Not only 
did we out-produce the Axis but the acceleration in our 
production during the past 12 months exceeded the 
greatest increase in German output during their forced- 
draft war preparation of 1939, when their production 
rose from 1,100 to 1,600 planes per month. 

The toughest part of our job was accomplished in 20 
months. We boosted deliveries from 100 or so to 1,000 
planes a week, passing the combined Axis powers. Today, 
Germany’s curve is flattening; ours is climbing steeply. 
Lt. Gen. Henry H. Arnold, Chief of the Army Air 
Forces, assures us that Army contractors will produce 
not less than 148,000 planes in the remainder of 1942 
and in 1943. During that same period Navy contractors 
will turn out at least 37,000 additional planes. 

Manpower in the airframe, engine and propeller in- 
dustries was increased from 125,000 to 450,000 workers 
during the past 20 months, with the prospect that the 
industry will be employing more than 1,000,000 men 
and women in 1943. Many manufacturers are solving 
their personnel problems by recruiting women workers. 
More than 40,000 of them — teachers, stenographers, 
waitresses, housewives and school girls — today are 
welders, assemblers, machine operators and inspectors 
on aircraft production lines. Productive floor space in 
the airframe, engine and propeller industries expanded 
from 18,000,000 sq. ft. to nearly 55,000,000 sq. ft. dur- 
ing the last 20 months. Further expansion to more 
than 60,000,000 sq. ft. may be expected this year and 
an ultimate figure of more than 100,000,000 is a distinct 
possibility. 

To grasp the full magnitude of this task we must re- 
member that a single medium bomber has 30,000 parts, 
which are built into 650 minor sub-assemblies to make 
32 major sub-assemblies. The entire process involves 
30,000 man hours of labor. Each of the two engines in 
this plane requires 50,000 specialized inspections. Every 
one of the 50 instruments entails many hours of pre- 


cision workmanship. Yet today there is one factory 
turning out + bombers every day. Another produces 
fighters at the rate of nearly 20 a day. 

To the amazement of the entire world these manu- 
facturing miracles were accomplished without sacrificing 
the high standard of American aeronautical equipment. 
There has been some loose talk about the quality of our 
combat airplanes as compared with those of our allies 
and our enemies. Indisputable evidence of the superior 
stamina of our aircraft under fire is written between the 
lines of almost every war communique. Every battle 
record tells a story of heavy losses inflicted at small cost 
upon numerically superior enemy forces. The consistency 
of this performance on all the far-flung battlefronts con- 
stitutes the most eloquent testimony of the high calibre 
of our designs, our manufacturing methods and the 
skill and daring of our pilots. 

And let us remember that our decisive victory in the 
battle of production was not won without headaches 
and heartaches on the part of management, labor and 
government. 

When the President sounded the call for 50,000 
planes in the spring of 1940, the program called for only 
5,500 military aircraft. Government and industry reeled 
from the shock — both determined, however, that it 
could and would be done. 


The Army, the Navy and the old Defense Advisory 
Commission set to work to draft a program. This has 
been revised many times— upward! Congress then pro- 
ceeded, more slowly, to modify the laws that would have 
obstructed the realization of the objective. Then the 
aviation industry, without contracts, in the face of dis- 
criminatory profit-limitative legislation, and with noth- 
ing but oral assurances of governmental intentions, went 
ahead with its Herculean expansion plans. New factories 
were completed long before facilities-contracts and their 
funds were forthcoming. 

The rugged individualists who had founded and built 
the aviation industry cast aside their rivalries and em- 
barked upon a period of unselfish cooperation. Priceless 
engineering experience was exchanged. Material was re- 
linquished for transfer to plants where it was needed 
more urgently. Successful personnel training methods 
and experience in the use of women workers were 
pooled for the benefit of all concerned. During one re- 














cent month, the cooperation among eight southern 
California plants averted more than 1,860 potential 
bottlenecks in production. 


As the lessons of the war dictated the need for greater 
numbers of particular airplane types, many manufac- 
turers accepted orders for planes designed and developed 
at rival factories. Striking examples are the long range 
bombers being turned out by plants where only trainers, 
fighters or dive bombers formerly were made. 

Mindful of the risk involved in educating rivals, 
thereby creating future potential competition, subcon- 
tractors nevertheless were sought and trained by pioneer 
‘ manufacturers. Makers of toys and wheelbarrows, auto- 
matic stokers and linoleum were among those who 
rallied to the call. Within a year subcontracting rose 
from 13 to 36 per cent of the total program. It still 
is rising. 

When the automotive industry came into the picture, 
aviation manufacturers gave generously of their time and 
knowledge to start the newcomers. Liberal licensing ar- 
rangements enabled them to reap the full benefits of 
technical developments. Automotive engineers swarmed 
through the aviation plants in search of the exacting 
“know-how” of the aeronautical industry. 


Each type of aircraft that reaches the production stage 
is the result of long periods of research, design and de- 
velopment. The unseen workers toiling in the wind 
tunnels and the laboratories of government and indus- 
try are the unsung heroes who tirelessly are striving to 
surpass all previous efforts. Their brilliant accomplish- 
ments are eloquent testimony of the superiority of men 
and women who are blessed with freedom of action and 
thought. Today more than 20 experimental combat air- 
planes are under development and will replace older 
types as soon as they fulfill the exacting requirements 
of our armed forces. Among these are aircraft that 
promise to outfight and to out-perform any and all of 
the much vaunted warplanes of the Axis military ma- 
chine. And this without loss of production. 


Every man, woman and child of all the United Na- 
tions may fervently be thankful that those who chart our 
course in aircraft production have not frozen design to 
such a degree as to make impossible the immediate 
adoption of improvements as they come out of these 
laboratories. 


What does this brilliant record mean in terms of final 
victory? 

Every newspaper reader has learned this basic war 
lesson . . . air supremacy is the essential ingredient of 
military success. As the balance of air power shifts, so do 
the fortunes of war. 


In those dark days when our output was 500 planes 
a month, Germany’s was 2,000 and the German air force 





was twice that of our Allies. When we reached 2,000, 
month last fall, Germany had advanced to a monthly 
rate of 2,500. Today, as this is written, we have caught 
up with the enemy’s backlog. The air forces of both 
sides are about equal numerically and United Nationg 
production exceeds that of the Axis by 27 per cent. Nex 
summer (1943) both the air force and the output of the 
United Nations will be double those of all the Ags 
powers. 


That is the pattern of ultimate victory! 


The pattern of the peace to follow also is gaining jn 
definition. The airplane has shriveled the world to one. 
fifth its former size. Its use as an instrument of destruc. 
tion is but a momentary distortion of the patter of 
human progress. Its potential power, as a stern preseryer 
of peace, is beyond imagination. Today’s air routes of 
our Army Air Force Ferrying Command are the inter. 
national trade routes of tomorrow. Giant airliners, by 
reducing time and space, will speed fraternity among the 
nations and disunity will give way to better understand. 
ing and goodwill. 


Flying freight trains, with aerial locomotives towing 
glider boxcars, will serve large cities, decentralizing popu. 
lation and giving to inland cities many of the commer. 
cial advantages of seaports. Air mail and_ passenger 
pick-up lines will fill the gaps between these transcon. 
tinental trunk lines and tie in the smallest hamlets. 
Universal fly-it-yourself services will provide airplane 
facilities for those who do not own low cost private air 
craft. Roadable rotary wing aircraft and family planes 
of the fixed wing type may even run household errands. 


The coming generation of business men who today is 
piloting our war planes will find aircraft as essential to 
business as it now finds them essential to victory. 


Commenting on our war production record, Donald 
Nelson has said, “We are today in the position of men 
who realize that they are actually doing the impossible”. 


The mass production miracle that the aviation indus- 
try — management and workers alike —has_ performed 
through the all-out effort of free enterprise can and will 
serve civilization in peace as it has in war. 


With this boundless new medium of transportation 
and its concurrent technological developments we shall 
rebuild our way of life to a rich, new fullness upon the 
ruins of a war-torn world. 


President, McGraw-Hill Publishing Company, Inc. 





This is the third of a series of editorials appearing monthly in all McGraw-Hill publications reaching more than one and one-half million readets. 
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GEORGE F. NORDENHOLT, Editor 


Fighting Superiority Is All That Counts 


THE RELATIVE SUPERIORITY of fighting equipment is 
measured in battle. The decision always goes to the win- 
ning side. Excuses or explanations are futile. If the 
enemy has heavier guns that blast away defenses, it is 
absurd to argue that our own guns are better because 
they are lighter, hence more maneuverable. Or to claim 
that our smaller guns are more efficient, made of better 
material or have greater fire power is likewise illogical, 
for the only thing that counts is victory. Superiority in 
enemy equipment must always be clearly recognized. The 
design problem is then to develop equipment which, with- 
out sacrifice of other qualities, incorporates improvements 
over those points of enemy superiority. Better still is the 
development of war equipment in which new basic design 
principles have been applied to give the new weapon 
devastating superiority. 

Because engineering design is largely a problem of 
compromising—weighing disadvantages incurred against 
advantages obtained, designs that are superior to enemy 
equipment in every respect might seem to be beyond the 
range of possibility. Thus it might appear impossible to 
design a fighter plane as light as the Japanese Zero with- 
out sacrificing, as did the Japanese, protective armor and 
high structural strength. However, the solution of the 
problem is then to achieve the desired maneuverability 
not by decreasing protective armor or structural strength, 
but through increased horsepower, improved aerodynamic 
design, better structural design and other methods. The 
ideal solution is reached when an entirely new design 
concept of a fundamental character and of far reaching 
effects is developed and applied. Engineering of that type 
might be termed designing for the offensive in contrast to 
defensive designing, wherein the effort is primarily to 
equal accomplishments of the enemy. 

Unfortunately, we must look to enemy equipment for 
the most striking examples of designs that are funda- 
mentally new. By using compressed carbon dioxide in 
Place of compressed air for propelling torpedoes, the Ger- 
mans have virtually eliminated the tell-tale trail of bubbles 
in the wake of the torpedo. The carbon dioxide is almost 
entirely absorbed by the water before reaching the sur- 


face. Similarly, because of their heavy cast steel con- 
struction, German subs can not only resist heavier depth 
charges but are also able to submerge to as much as 600 
feet, thereby gaining time to escape depth bombs. More 
recently, noteworthy ingenuity has been shown by the 
enemy in their design of 88 nang, anti-tank guns, the use 
of tungsten-carbide shell noses arid similar developments. 

We in America have only a few military design achieve- 
ments about which to boast. We must have more. There 
are countless reasons why the United States should be 
able to develop the greatest abundance of fundamentally 
new and strikingly superior military designs. We have the 
greatest number of research scientists of outstanding 
ability, we have by far the greatest number of trained 
design engineers, we have more research laboratories and 
facilities than the rest of the world combined. Perhaps of 
greatest importance, we have an unparalleled pioneering 
spirit instilled in us by the founders and developers of 
this country. 

The engineers of industry are now being called upon in 
ever-increasing numbers to design our weapons in coop- 
eration with Ordnance Department and other military 
engineers. To develop designs which will assure victory, 
the engineers involved must set their sights ever higher, 
leaving nothing undone that might contribute to the 
creation of devastatingly superior fighting equipment. To 
this end, the best possible thought and effort, the most 
daring imagination, the most painstaking design analysis, 
the most thorough attention to the smallest details must 
be exercised. The quality of the job will determine life or 
death for thousands of our fighting men. How much better 
our equipment will be than that of the enemy may decide 
victory or defeat. Effective superiority can be attained 
only when the designers take the offensive, forging far 
ahead of the enemy’s creations rather than attempting 
defensively to attain equality with existing enemy equip- 
ment, equipment which the foe will improve before our 
new designs reach the battle front. The engineers of 
industry who are designing our war machinery face a 
grave responsibility. May they always bear in mind that 
fighting superiority is the only thing that counts. 
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Liperty SHIP bow section being hoisted into place on the shipv4 
is typical of the progress that has been made in the technique of 
prefabrication in shipbuilding. Huge units like this are completely 
preassembled in the shops before being carried to the ways 
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America’s Li berty Ships 


Built to Deliver Cargoes for War 


How two decades of progress in shipbuilding technique and advances 
in American mass-production methods are made use of in the United 
States Maritime Commission’s accelerated shipbuilding program to 
reduce the time and manpower necessary to fabricate material, to 
manufacture parts and to build hundreds of ships for World War II. 


TEAMING THE HIGH SEAS on 

every quarter of the globe, Amer- 

ica’s mass production emergency 
cargo vessels are now carrying the vital 
necessities of war and sustenance to our 
overseas forces and to those of our allies. 
Up to the middle of this year more than 
150 Liberty ships had been put into serv- 
ice. The first ship to go in service under 
the emergency program was the “Pat- 
rick Henry.” She was built at the Beth- 
lehem-Fairfield Shipyard. Baltimore, 
and delivered December 31, 1941. On a 
recent voyage to a war front the “Pat- 
rick Henry” steamed a distance of 7,633 
miles at an average speed of 11.6 knots. 
For the greater part of the trip she car- 
ried a useful load of 11.028 long tons. 
After a stopover the useful load was 
reduced to 10.898 long tons. On this 
cruise the oil burned per useful load 
ton mile was 0.022 lb. Oil consumption 
was 194 barrels per day. 

This performance of the “Patrick 
Henry” is typical of that of other Lib- 
erty ships. They are not only built in 
less time, they cost less to operate and 
are faster than the ships constructed at 
Hog Island some twenty odd years ago. 
A reasonable basis of comparison can 
be had by checking the performance of 
the “Patrick Henry” with that recorded 
in the logs of two ships, built at Hog 
Island in 1920, which are similar 
m type and power. On a voyage of 
3,030 miles in which she carried 7,980 
useful load tons. the “Artigas” averaged 
9.9 knots and burned 187 barrels of oil 
per day, which was a consumption of 
0.033 lb. of oil per useful load ton mile. 
The other ship, the “Cold Harbor.” cov- 
ered 3.201 miles with a useful load of 
7,535 tons at an average speed of 10.6 
knots, Her boilers took 191 barrels of 
oil per day, or 0.034 Ib. of oil per useful 
load ton mile, 

These records prove that the vast ac- 
a shipbuilding program, 

more than a year ago, with 
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mass production methods is producing 
seaworthy ships that can be operated 
economically. Conclusively the Liberty 
ships are better ships. With cargo ca- 
pacities greater by 1.400 to 3.500 use- 
ful load tons than their predecessors, 
the Liberty ships steam at a speed from 
one to three knots faster under com- 
parable sea and weather conditions. As 
fuel-savers, they show a marked superi- 
ority. 

Because of the limited foundry and 
machine tool capacity that could be 
put to work for the production of steam 
turbines and reduction gears, as well 
as the comparatively long time required 
to build such units, the United States 
Maritime Commission adopted an older 
type of propulsion machinery for the 


“~ 

Liberty ship. Triple expansion recipro- 
cating engines of 2.500 hp. were chosen 
to propel the ships because manufactur- 
ers with adequate facilities existed in 
this country who could deliver the en- 
gines as fast as hulls could be built. 

Chief considerations in the planning 
of the Liberty ship was to produce a 
seaworthy design that could be built 
rapidly at low cost, that was adaptable 
to mass production methods, and that 
also provided the maximum in cargo 
space and useful load carrying capacity. 

The Liberty ship is of basic English 
design, but modifications have been in- 
troduced to facilitate construction by 
American speed-up production meth- 
ods. Of the single screw type, with 
raked stem and cruiser stern, the hull 
is subdivided by seven main bulkheads 
to provide five cargo holds. The Liberty 
ship (Design EC-2) has an overall 
length of 441 ft. 6 in.; a beam of 57 ft., 
a depth of 37 ft. 4 in., a.total displace- 
ment of 14,100 tons and a general cargo 
capacity of 9,146 tons.- Boilers, engines, 
fuel and fuel tanks, auxiliaries. cargo 
gear, water, stores and fittings account 


Fig. 1—Tank being loaded aboard a Liberty ship destined for a distant battlefront 
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will be built in the berths vacated by these two vessels 


for 1,529 tons. A total of 3,425 tons of 
steel are used in the construction of 
the hull, decks and deck structures. Of 
this 2,725 tons are in the form of plates 
and 700 tons are shapes. 

The building and construction of the 
yards to produce Liberty ships was an 
amazing feat. None of the yards in 
which these vessels are being built was 
in existence a year ago. These new 
yards especially created for this great 
task are the product of men experienced 
in shipbuilding who have the vision to 
make effective use of modern mass pro- 
duction methods and intensive training 
systems to make available a supply of 
men who can build ships. The key men 
in the new shipyard organizations were 
drafted from existing shipyard staffs. 


Distribution of Work 


All the Liberty ships are built in 
accordance with one set of lines. dimen- 
sions and specifications as furnished by 
the United States Maritime Commis- 
sion. Each contractor, however. can ar- 
range many details of fabrication and 
assembly to suit his available facilities. 
subject of course to the approval of the 
Commission. Specifications have been 
simplified in order to save time and to 
eliminate, as far as possible, the use of 
materials which are highly essential for 
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Fig. 2—Two Liberty ships as they appeared on launching day. In the foreground can be seen prefabricated parts for the hulls tha 
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Fig. 3 (Left)—-Midship section of a 9,000 ton deadweight freighter built about 1920. 
Note riveted construction which necessitated the use of boundary angles and clips for 


fastenings and joints 


Fig. 4 (Above)—Midship section of Liberty ship. Cargo capacity is 9,146 tons. Note 
simplicity of structure that welding makes possible 


the manufacture of other strategic 
products needed in the war economy. 

The Liberty ship program is a mass 
production project involving the manu- 
facture of thousands of items that go 
ito each ship. This work is spread 
through more than 500 manufacturing 
plants, great and small, throughout the 
nation. Parts and subassemblies from 
these factories are transported to the 
yards for final assembly and installa- 
tion in the ship structures. This method 
of distributing the work involves many 
obvious time saving factors. As more 
and more subassembly units are fabri- 
cated throughout the country the oper- 
ations performed in the shipyard be- 
come more than ever only those which 
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are concerned with final assembly. 
Every fabricated unit subassembly for 
the ship structure is made to suit the 
contour and dimensions of a template 
or mold board. Through the use of this 
system it is assured that mating edges 
of adjoining subassemblies will fit each 
other for fastening operations. 

During and immediately following 
World War I the conventional way of 
fastening parts of a ship together was 
by riveting. This system, except for lap 
and butt joints, demanded the use of 
boundary angles and flanges at the 
edges of web plates; and also chan- 
nels, angles and angle clips for in- 
termediate stiffeners. The use of such 
rolled shapes simply as a means for 


providing edges and surfaces that could 
be fastened together added considerably 
to the built-in weight of the ship. In 
addition to this each rivet head and 
the larger sizes of plate, that had to be 
used in order to maintain sufficient net 
areas at sections that were punched 
or drilled for rivets, subtracted from the 
useful cargo load that a ship might 
otherwise carry. 

Time, manpower and useful load ca:- 
rying capacity are being saved now in 
the shipyards by welding steel sheets 
and rolled shapes together instead of 
riveting. The ships built in America 
today are 85 percent welded. Most 
yards are welding all seams. All shel? 
strake joints are lap welded; vertical 
seams are butt welded. 


Welded Construction 


In welded ship construction there is 
a more appreciable loss of dimension 
than that encountered in riveted con- 
struction. When parts are riveted to- 
gether there is a tendency for creep 
to accumulate that makes for a gain in 
dimension. Welding, however, tends to 
draw the parts together. In butt joints 
this is caused by the shrinkage of the 
filler metal which, of course, is applied 
in the molten state. When welding con- 
tinuous or passing members such as is 
done in joining the framing to the shell 
plating, there is a shrinkage in the 
zone of the weld which in turn shortens 
the passing member. The welded hull 
of the ship will therefore be less than 
its molded length unless measures are 
taken to counteract or compensate for 
this loss of dimension. There are too 
many still unknown factors in the prob- 
lems of shrinkage control that prevent 
the welding operator or shipbuilder 
from setting up a valid rule for the pre- 
diction of shrinkage. Experienced fab- 
ricators add an arbitrary allowance to 
the length and width of parts that are 
subject to welding shrinkage. Accumu- 
lation of any excess is corrected in the 
course of construction. 

In shipbuilding, however, the matter 
of loss of dimension is not in itself 
a major consideration, apart from the 
fact that there is a difference in the 
capacity as designed and as actually 
displaced. The difference in speed and 
power is so slight as to be practically 
negligible. 

The problem of distortion that makes 
itself evident in wrinkles or bulges in 
flat plates and those with small curv- 
ature constantly faces the shipbuilder. 
While the presence of slight hollows 
and bumps on a ship’s hull in no way 
detracts from the strength of the struc- 
ture, they are eyesores and sometimes 
make the attachment of the distorted 
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part to other parts difficult. Many 
warped parts are straightened by ham- 
mering after heating. 

Many methods have been resorted 
to by shipbuilders to prevent distortion 
of parts in welded structures. Parts 
are sometimes set or bent in a direction 
that will offset an expected warping in 
welding. Temporary stiffening members 
may be used to hold the part or sub- 
assembly in alignment during welding 
and cooling. If the edges of large thin 
plates can be welded to structures or 
frames that offer considerable resist- 
ance to yelding, a drum-heading method 
can be followed to introduce a bound- 
ary restraint, so that when shrinking 
occurs the plate will remain flat. By 
means of a wandering sequence in 
welding in which all joints are com- 
pleted at the same time, as opposed to 
the completion of a frame by frame 
method, distortion may be considerably 
reduced because of the number of re- 
straints and also because the welded 
areas do not distribute heat over as 
great an area as would result if each 
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U. S. Maritime Commission 
Fig. 5—View of Liberty ship under construction at an East Coast shipyard 


joint were welded at one operation. 

Another method sometimes used to 
correct buckling of flat areas in the 
welded structure is to run beads of 
weld metal on the convex side of 
the distorted area. The heat applied to 
the area in the bead welding operation 
increases the ductility of the steel mem- 
ber so that as both the bead and the 
plate cool the resultant shrinkage cor- 
rects the distortion. 


Residual Stresses 


Certain of these preventive meas- 
ures, notably drum-heading, extensive 
tacking, and the wandering sequence 
as well as the corrective methods of 
torch shrinking and shrink welding, as 
noted in the report of a Subcommittee 
of the Committee on Welding in Marine 
Construction of the American Welding 
Society. (Welding Journal, September, 
1941), are directly opposed to the 
theory that the structure should be free 
of residual stresses. The report further 
notes that the success of these measures 





is probably because opposed and equal 
stresses are set up. Taken rather 
broadly, structures tend to relieve then 
selves by distortion. In many instanc 
it follows that its prevention, or cory, 
tion, means the creation of Tesidu 
stresses, 

The satisfactory behavior of weldei 
structures in service, of course, js pred. 
icated upon sound welds. The obtaining 
of sound and properly fused welds. free 
of checks and incipient cracks, ag yg! 
as slag, porosity, blowholes and the like 
is therefore of major importance, 1, 
this end procedure includes much more 
than sequence of welding, in fact, othe 
factors such as preheat, the continuity 
of the welding operation, peening an 
an endeavor to assure a uniform dic 
tribution of stress over the joint ap 
often of equal importance. 

Almost all welded structures {, 
ships, because of their large overall ¢. 
mensions, must be put in service in th 
as-welded condition. Test reports jndi. 
cate that shrinkage stresses in the y. 
cinity of welded joints set up a stres 
distribution in and near the joint that 
is exceedingly complicated and ind. 
terminate. Because of the nature of th: 
operation high residual stresses can he 
expected irrespective of any extemd 
restraint. 

Residual stresses also make up a 
internal force system that must obvi 
ously be in equilibrium. When extern 
loads are applied there is no simpk 
addition to like forces from which \ 
conclude that some local point may lx 
overstressed. 

An additional factor that should le 
considered in a discussion of residual 
stresses in welded ship structures is 
the relatively high ductility of the steek 
used. Although the yield point of the 
material may be reached in slight ex 
tensions, the load is re-distributed 
the surrounding material before loca 
points elongate appreciably in th 
highly stressed zone. 

It is practically impossible in ship 
building to porform all welding oper 
ations in a theoretically perfect ¢ 
quence. There are numerous final join 
that can be made only after other se 
tions have been completed. With thi 
condition present, of course, the find 
joint does not have much opportunity 
to shrink. The successful performant 
record and seaworthiness of ships the 
have been assembled by welding du 
ing the last decade proves conclusivel 
that such structures do not depend up! 
the elimination of residual stresses " 
resist the loads they are subjected to2 
service, but upon the ability of the 
terials used in construction to acco 
modate a wide distribution of inten 
stresses at critical areas. 
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Computing Distances for Shop Photos 


FTENTIMES the engineer uses 

a camera to keep a record of 

the appearance of a piece of 
machinery or the progress in the con- 
struction of a structure. In taking the 
picture it is desirable to cover as much 
of the film or plate as possible with 
details that will be of the maximum 
value as a record. To do this, the pho- 
tographer steps back an indefinite dis- 
tance from the object and determines 
the correctness of his position by look- 
ing through the finder or at the ground 
glass. Naturally, if he is using a camera 
with a ground glass, there is no diffi- 
culty in getting full coverage on the 
negative, leaving a proper margin. But 
with a camera having only a view 
finder, there is not the certainty of 
maximum coverage. 

With an object of known width or 
height, the question often occurs as to 
whether a desirable picture can be 
taken from a certain point. This may be 
from against a wall for a piece of ma- 
chinery inside a building, or from the 
top of a tool shack or some other point 
of vantage on a construction job. 

Theory of the photographic lens for 
a problem such as this is quite simple. 
For a camera having a lens of a given 
focal length and using plates or films 
of a certain size, a table can be worked 
up, showing for objects of different 
widths or heights the distances at which 
full coverage can be obtained on the 
negative. 

Fundamental applicable formulas are 


ae" 7 () 
and M = ry (2) 
in which, measured in the same units, 
u = distance from lens to object, 
minimum range 
v = distance from lens to image. 


f = focal length of lens 
M = magnification (less than 
unity). 
Also, let S = length or height of object and 
L = dimension of negative taken 
parallel to length or height 





of object 
Rewriting Equation (1) 
v f 
* ¢= 7 (3) 
Combining Equations (2) and (3) 
gf 
S*g0) (4) 


from which, u=f+ (5) S (5) 
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Table I—Minimum Camera 
Ranges 


For 34x5% in. camera having a lens 
of 634 in. focal length 





S uy u 
Width or for film for film 
height of width, length, 
object, ft. range in ft. | range in ft. 

234 6 

314 74 

{ 9 

5 634 ul 

6 8 13 

8 104% 17% 

10 13 21% 
12% 16 vf 
15 19 32 
20 25 42 
25 32 53 
30 38 63 
45 14. 74 
40 50 84 
50 62 105 
60 75 126 
80 100 167 
100 125 210 











Knowing the focal length of the lens, 
which is usually engraved either on the 
retainer ring of the front element or 
on the lens barrel, and the length and 
width of the negative used, it is a sim- 
ple matter to develop a table showing 
the minimum distance at which to stand 
away from an object in terms of the 
width or height of the object. Actually, 
two tables are necessary, one for pic- 
tures taken across the long way of 
the negative and one for pictures across 
the short way. 

Assume that one has a 314 by 5% 
in. camera with a lens of 634 in. focal 
length. Substituting values in Equation 
(5) in which LZ equals 5% in. and ex- 
pressing all dimensions in ft., then 


6.75 6.75 
u= "e+ (35) 5 6) 
or u = 0.56 + 1.238 (7) 
If an object is 10 ft. wide and the 
picture is taken the long way of the 
negative, then 
u = 9.56 + 1.23 x 10 = 12.86 or 13 ft. 


For an object width of 80 ft. and 
with the picture still taken the long 
way of the negative, then for practical 
purposes, 


u = 0.56 + 1.23 80 = 98.96 ft., 
99 or 100 ft. 


In the first case, the photographer 
must stand not less than 13 ft. away 


to get full coverage and in the second 
case not less than 100 ft. away. 

One should stand 15 to 25 percent 
farther away if a proper margin is 
desired around the object on the print. 

For the shorter way of the 3%4 by 
5¥-in. negative, the substitutions in 
Equation (5) are: 

6.75 6.75\ 

ae Bl 335) 8) 
0.56 + 2.08 S (9) 
Then for the 10-ft. object, 

wu = 0.56 + 2.08 X 10 = 21.36, or 213 ft. 

practically. 


For the 80-ft. object, for practical pur- 
poses, 


u, = 0.56 + 2.08 x 80 = 166.96 or 167 ft. 


Some lenses have a focal length ex- 
pressed in millimeters and the small 
candid cameras use film measured in 
millimeters. However, the user still 
thinks of distances in feet. As there 
are 25.4 millimeters to an inch and 
therefore 304.8 millimeters to a foot, 
the formula is written: 


u=gagtixs (10) 


or Uy 


For practical purposes, 


u= 0.0033 ¢ +2 x § (11) 


Substitutions of values are made as 
before. 


Note that these values indicate only 
the minimum distances to stand away 














> 
Object-” 





Fig. 1—Factors that determine size of 
photographic image on negative 


from the object. It is still necessary to 
focus the camera. 

A complete table has been worked 
up for a 344 by 5%-in. camera with 
lens of 634-in. focal length. With this, 
the bellows is fully extended at 6 ft. 
focusing distance, and therefore the 
table starts with 6 ft. as a minimum 
distance. 
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Thermal Insulating Materials : 
for Industrial Equipment | 


S. V. SAGINOR 
Davey Compressor Company 


Discussion of numerous factors that should be considered when select- 
ing, specifying and installing insulating materials for industrial equip- 
ment which depend upon the control of temperature over narrow 


ranges for efficient operation. 
are included. 


for the purpose of preventing the 
escape of heat or for preventing 
the absorption of heat in order to main- 
tain desirable temperature conditions 
in industrial equipment, to be effective 
must be selected only after a thorough 
consideration of the design require- 
ments and a study of anticipated per- 
formance. As shown in Table I there 
are many types of insulants, each one 
has characteristics peculiar to itself. 
In choosing both the type and thickness 
of insulation the engineer should be 
guided by the economic aspect, comfort 
requirements and process temperature. 
Normal depreciation and _ obsoles- 
cence of equipment should be consid- 
ered in determining the economic value 
of insulation for the operation involved, 
type of equipment and its location. 
When frequent replacement of gaskets 
are necessary which require the removal 
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Characteristics of various insulants 


and replacement of a portion of the 
insulation it may be economical to de- 
sign a portion of the insulation to facili- 
tate such maintenance work. 

The design engineer must check for 
clearances required for the application 
of the selected type and thickness of 
insulation. It is also important to de- 
termine, if possible, the amount of 
abuse to which the insulant will be 
subjected from vibration and exposure 
to moisture. 

With the exception of reflective met- 
als, an efficient insulant should struc- 
turally consist of numerous air cells, 
microscopically small, so that heat cir- 
culation within and radiation across 
them are of smal] magnitude. 

To be effective at refrigeration tem- 
peratures, with their attendant con- 
densation effects, the insulant should 
be resistant to moisture vapor penetra- 
tion or be protected by an asphalt coat- 
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Crushing Strength, Lb. per Sq. In. 
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800 1,200 


gid insulants 





ing, asphalt impregnated membrane » 
some suitable vapor barrier, sing 
moisture absorption will quickly redye 
the original efficiency of the insulay 
Although no insulant can in itself 
considered absolutely vapor-proof, satis 
factory asphalt or oil impregnated mip. 
eral wools are available for low ten. 
peratures that do not require suppl. 
mentary sealing. Also, there has rp. 
cently been developed for cold wate 
insulation a vapor barrier consisting of 
cotton sheeting sprayed with liquid 
latex. 

Electric resistivity is also a factor 
requiring consideration if the insulan 
is used in connection with induction 
heating equipment. 

Inflammability of insulants, finishes 
and accessories should be determined, 
particularly where used in fire hazard 
zones. Often double layer construction 
is desirable purely to avoid the pos: 
bility of auto-ignition of the outer cover. 
ing where leakage of heat occur 
through cracks or improperly sealed 
joints, 

Care must be taken to ascertain 
strength in the particular temperature 
range at which the insulant is to be 
used. Fig. 1 shows how crushing 
strength can vary with temperature 





Thermal Conductivity, B.t.u. per Hr, Sq. Ft, 
Deg. F. and Inch of Thickness 
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Mineral wool insulant 
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Density, Lb. per Cu. Ft. 
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Fig. 1—Variation in crushing strength at various hot face 


temperatures for two rigid insulants 
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Fig. 2—Change in properties of mineral wool insulant at various 


temperatures and densities 
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Table I—Some Physical and Thermal Characteristics of Commercial Insulants 

































































Upper ’ Thermal Conductivity, B.t.u. per Hr., Sq. Ft. Deg. F. 
ni i Commercial Forms| Limiting ree and In. Thickness at Mean Temperature, Deg. F. 
- Mater! Available Temp., fo Mt 
Deg. F. 100 | 200 | 300 | 400 | 500 | 600 | 800 |1,000]1,200]1 500 
> Aluminum IS.» crave whats Built-up — sectional] 1,000 0.2 0.28) 0.37] 0.39) 0.46} 0.52) 0.58 
tt and block 
ee ee eee Loose fibre. ...... 800 36 0.16] 1.23} 1.40] 1.45} 1.48] 1.50] 1.56 
© ‘\chestos Finishing Cements .| Loose dry........ 1,000 18-60 1.50 
brane or | Asbestos & “paints 
r, sine Asbestos Air Cell.......... ~— and block ars 
> Since # ° plies per in...... 300 12 0.53] 0.65] 0.77] 0.89 
y reduce & 8 plies per in...... 300 19 0.48] 0.56] 0.63] 0.71 
insul tos Felts (sponge felt) .| Sectional and block 
ital Ashes 40 laminations 700 30 0.40) 0.44) 0.49} 0.53] 0.59 
per in. 
of, satis 20 laminations 700 20 0.55] 0.61] 0.67] 0.73] 0.79 
ited min. © per in. 
low ten. f) Asbestos Millboard........ EES 1,000 54 0.90] 0.95] 1.00] 1.20] 1.40] 1.50 
, | Asbestos Sprayed.......... Loose fibre and} 800 7 0.36] 0.41] 0.46] 0.53] 0.63 
supple. » ASDEs ’ li id I . 
ql quid binder 
has te ) Concrete—Insulating Type..| Loose granular... .}] 1,800 31 1.72] 1.80) 1.87] 1.94] 2.01] 2.08) 2.23] 2.37] 2.51) 2.73 
ld wate # Concrete—Insulating Refr’y| Powder..........] 2,200 65 2.78] 2.82] 2.86] 2.90} 2.98] 3.09) 3.20) 3.44 
‘isting of ) Cork..........--..--++-+-| Sectional and block} — 200 11 0.30 
h liquid | Diatomaceous Barth....... Fine Powder...... 1,600 15-17 | 0.38] 0.41] 0.44] 0.48] 0.51] 0.55) 0.62] 0.69) 0.76] 0.86 
qu & Coarse powder... .| 1,600 22 0.45] 0.48] 0.52] 0.55] 0.59] 0.62] 0.70] 0.77] 0.84) 0.95 
> High Temp. Alumina and 
a factor Bistomac. Silica Mixtures} Sectional and block} 1 ,900—2,000} 24-30 0.59] 0.61) 0.64] 0.68) 0.70] 0.76) 0.82) 0.88 
insulant Hair Felt...............-. Mambet.......... 200 13 | 0.30) - - 
ain tn Meeee.......-.....-. SIRES 3,100-3 300} 130-150] 6.20] 6.50] 6.80] 7.00] 7.30] 7.60] 8.20] 8.80] 9.40}10. 20 
oo | ae caine en 2250-3 ,200} 110-112] 5.80] 6.00] 6.20] 6.501 6.70] 6.90] 7.40] 7.80] 8.30] 9.00 
| ere ee 500-1 ,000] 100-120) 4.50] 4.70] 5.00) 5.20] 5.50] 5.80] 6.30] 6.80] 7.30] 8.10 
finishes BF) Insulating Brick........... ere 2,500 39-53 1.57] 1.73] 1.84] 2.01) 2.14] 2.50] 2.53} 2.83 
a 8 = 
ermined, @ Insulating Brick........... OS ee 2,000 28-38 1.12} 1.15} 1.19} 1.23] 1.27] 1.37] 1.48] 1.62 
e hazard i Insulating Brick........... ae (ee 1,600 30 0.78] 0.81] 0.85] 0.89] 0.93] 1.00] 1.09] 1.16 
BE Es ass cs sees ace eee 212 1 0.25 
struction #) Magnesia—85%........... Sectional and block] 600 17 0.43] 0.47] 0.51] 0.55 
he possi: f Magnesia Cements........ Loose dry........ 600 21 0.48] 0.54] 0.60] 0.66 
er cove. | ‘Mineral Wools (untreated) 
| . US ee Loose, flexible 3 0.26] 0.32] 0.41] 0.61 
— Sectional and 1,000...... 4 0.24] 0.30] 0.38] 0.52 
y sealed blanket 8 0.22] 0.26] 0.30} 0.36 
5 0.29) 0.37] 0.47] 0.64 
ascertain PIE. oc ccecccess: Loose, flexible 10 0.28] 0.33] 0.39) 0.46 
t ; Sectional and 1.000 15 0.29} 0.35] 0.40] 0.47 
— blanket 20 0.34] 0.38] 0.43] 0.49 
is to be NE als Swick bane Loose, flexible 
crushin Sectional and 1,000 Generally same as Rock Wool 
blanket 
rature, ; . wage 
Pe Mineral Wool Type Cements Loose iad 1,500 24-30 | 0.57] 0.61| 0.66] 0.77] 0.88] 1.02] 1.15] 1.44! 
; , * ee 225 18 9.36 
aa a {Sectional and block| 165 is | 0.30 
a yPe)----||Blanket.......... 225 16 0.29 
— EE Sectional; Block 1 ,600 17 0.57] 0.64] 0.69] 0.73] 0.76) 0.80] 0.89] 0.98 
| s Loose 1,600 8 0.52 
TS Vermiculite Type Cements..| Loose dry........ 1,800 16 0.74) 0.79] 0.84) 0.89) 0.94) 1.04) 1.14] 1.25 
 . Sectional or block. . 212 24 0.36 
Note: Conductivity figures represent average value-of commercial makes of various manufacture. Conductivity of cements, 
| loose fills and flexible insulants varies with applied density. 
* Some manufacturers recommend 1,200 deg. F. limit for mineral wools. 
td * Glass wool also available in special board form with limiting temperature of 1,600 deg. F. 
aut Material may attain higher insulating investigation because of possible rial or by building in mechanical aids 
13 values at high temperatures, as shown changes in the insulant under service such as regularly spaced supports. Con- 
in Fig. 2, but they may lose so in struc- conditions, with moisture absorption, sideration should be given to the use of 
= tural strength that slight vibration or dehydration, or possible deterioration. intermediate supports on suspended 
abrasion may cause rapid disintegration. Also the variation in conductivity and equipment to relieve the insulant of a 
Chemical reaction of insulants on in weight for layers having different part of its own weight. 
various metals should be determined. applied densities of flexible or loose in- Insulating cements may be satisfac- 
Account must be taken of plant atmos- sulant should be considered as to the tory from a thermal efficiency stand- 
x0 pheric conditions and exposure of the effect on the anticipated result. point, but shrinkage, insufficient ad- 
insulant to other possible abuse such Where fibrous or granular materials hesiveness, low covering capacity, and 
_ as might result from weatherproofing are used, the possibility of settling be- drying out time may rule out their use 
aie failure, cause of vibration should be considered. as primary insulants. It is usually un- 
. The Importance of thickness and This may be avoided by the inclusion satisfactory to apply cement types in 
weight after application also justifies of binders or by the use of denser mate- layers greater than 1 in. and, of course, 
|EERING 
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Insulation Fastening Details 


Za" Tr +—-— Nut 

--Machine bolt 

All adequate for 
fastening internal 
insulation 


and Vent for Commercial 
Low Temperature Equipment 
Such as Refrigerators 








Fig. 3—Insulation fastening details for vessels, breeching walls and metal casings 


each layer should dry thoroughly be- 
fore the application of a succeeding 
layer in order to insyre a good bond. 


Materials for Various Tempera- 
ture Ranges 


Vegetable cork is used extensively in 
granular, sectional and hard board 
form, below 40 deg. F. in the low tem- 
perature or industrial refrigeration 
range. Cattle hair, although it requires 
careful sealing, has also been used suc- 
cessfully. The mineral wool industry 
contributes a material, which, when 
properly processed and treated with 
special oils for the flexible forms or 
with asphalt to produce board and sec- 
tional forms, is highly effective down 
to the lowest industrial range. 

Kapok and fibrated wood products 
are available for low temperatures. 
Sponge or expanded rubber is also 
adaptable for the moderately low 
range. Kapok is an excellent insulant 
for transportation equipment, providing 
light weight, durability, moisture resist- 
ance, and lack of odor absorption. This 
material may be obtained in flexible 
blankets and in pliable slab form. 

Wool felt consisting of paper or rag 
stock in laminated form cemented to- 
gether with sodium silicate, has given 
excellent results as an insulant for hot 
and cold water service in the range of 
40 to 200 deg. F. This material is avail- 
able in indented, pre-shrunk form, with 
improved thermal efficiency and offers 
a reasonably priced installation. 

Corrugated asbestos paper layers ce- 
mented together with sodium silicate 
into block form is a serviceable air cell 
type of insulation for the medium tem- 
perature range, from 100 to 300 deg. F., 
except where liability to mechanical 
damage or high atmospheric humidity 
prevail. Pre-shrinking of this material 
is a recent improvement which reduces 
the disadvantage of shrinking in service 
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to a minor factor. Also available is an 
indented form of air cell which gives 
slightly higher insulating efficiency with 
an increased number of paper layers. 

Magnesia consisting of 85 percent 
magnesium carbonate mixed with 15 
percent of asbestos fibre, is a molded 
composition of good insulating efficiency 
for the range from 220 to 600 deg. F. 
This material has considerable me- 
chanical strength. 

Laminated asbestos insulation, made 
by cementing together layers of asbes- 
tos felts with narrow bands of sodium 
silicate, offers a highly efficient insulant 
known as sponge felt. With a limiting 
temperature of 700 deg. F., it is par- 
ticularly suitable for conditions of abuse 
or excessive vibration, but it has the 
disadvantage of high weight. An im- 
proved type of sponge insulant consist- 
ing of indented felts containing im- 
bedded particles of sponge, is also 
available. 

An aerated diatomaceous silica asbes- 
tos cement mixture is a new substance 
made in sheet form and is of particular 
interest. It may be used alone in rigid 
sheet form or faced on one or both 
sides with asbestos cement sheets, as 
part of the fabricated wall, or as the 
entire wall construction of many types 
of equipment. Originally developed for 
marine fireproofing, this material has 
a temperature limit of 700 deg. F. for 
some grades and up to 1,500 deg. F. 
for others. 

Mineral wool insulations are pro- 
duced in blanket form, with or without 
metal reinforcing, for a wide range up 
to 1,200 deg. F. This group of insu- 
lants consists of slag wools, rock wools, 
and glass wools. In this same tempera- 
ture range, aluminum foil and other 
highly polished metals may be obtained 
in various fabrications. Their effective- 
ness is dependent upon high reflective 
ability, and they offer the advantage 
of light weight where accessory sup- 





ports or reinforcing are not Necessan 
Silica aerogel, a processed water gh 
now available in powder form, for ten 
peratures up to 1,500 deg. F., offey te 
advantage of light weight. , 


Exfoliated mica in granulated ip 


block form, known as vermiculite (j, 


minum magnesium silicate) for mediyy 
and high temperature ranges Up 
1,600 deg. F. is a new developmen, 


Diatomaceous silica base prodys 


can be used for the range from 6), 
2,500 deg. F. They come in naty; 
state or mixed with asbestos fibres j 
the lower range, and calcined or bums 
with clay for higher temperaty 
Bauxite monohydrate insulations » 
also being produced for this range } 
the chemical treatment of raw bays 
to which is added asbestos fibre. 
Insulating bricks of high thermal » 
sistance (low conductivity value), \y 
specific heat, and a high degree of », 
fractories are available in several types 
for temperatures up to 2,000 deg. | 
They can be placed back of insula, 
firebrick or used directly as a lip» 


a a oi 


> TE aan arte, vete nd eyes 


where there is no flame impingema§ 


slag action or mechanical abrasion « 
in annealing furnaces, heat-treatme 
furnaces and muffle type furmacs 
Crushing strength and small resistay: 
of this insulant are important char: 
teristics to be considered. 

Cement forms of insulation are as 
useful in the moderate and high ter 
perature ranges but care must be take 
to select a type designed for the px 
ticular purpose to which it will be» 
plied. Where blanket, block or she 
insulation are not adaptable on iregp. 
lar surfaces, 85 percent magnesia, vt 
miculite, diatomaceous silica or miner 
wool cements are used. As these do nt 
provide a smooth finish, the last lay 
requires the admixture of portland « 
ment or a finish coat of reinforced ash 
tos cement. Asbestos cements 
economical and ideal as a finish i 
primary insulants and can also be us 
to insulate small fittings in the mediu 
temperature range. 

Castable refractories, recently dev! 
oped, which consist of selected refrac 
ries crushed to definite size and mixt 
with lumnite cement, are suitable i 
temperatures ranging from 2,000 ¥ 
2,800 deg. F., depending upon the ty 
of aggregate used. Densities also 
over a wide range; lower density mé* 
rials are generally the better insulates 
Usually supplied in dry form, such mé 
rials need only to be mixed with wilt 
on the job. 

Insulating concrete made from gril 
lated calcined diatomaceous silica 
portland cement applied about 2 # 
thick, reinforced with suitable s# 
mesh, has given excellent results whe 
extended fire protection is desired. ! 
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is relatively expensive because of the 
form work involved. High temperature 
insulating blocks have also been used 
with success. Block insulation is se- 
cured to the outside of steel beams or 
columns with nichrome or similar wire, 
and any spaces formed by reentrant 
angles can be filled with loose material 
of the same composition as the blocks. 
The surface of the insulation is then 
protected with a coating of semi-re- 
fractory cement. 


Installation of Insulants 


For industrial work, galvanized steel 
strap, machine stretched and clamped, 
js an ideal support for block or blan- 
ket type insulation. Strap 4 x 0.015 in. 
has been found satisfactory for equip- 
ment under 10 ft. O.D., and 34 x 0.02 in. 
strap is suitable for equipment 10 ft. 
or more in diameter. If bands are 
placed underneath lapping sections of 
the weatherproof jacket on outside 
work, the probability of insulation be- 
coming loose because of fastening fail- 
ure is decreased. 

Expansion joints can be insulated 
with mineral wool blanket fabricated 
between %g-in. rib lath on one side 
(ribs in), and expanded metal lath on 
the other. Strips should be cut in 
sufficient widths to properly overlap 
expansion joints, width of strips should 
run in the same direction as the lath 
trib. These mineral wool strips should 
be securely laced to the adjacent duct 
insulation, followed by a layer of high 
temperature cement, and finished when 
dry with a mixture of asbestos and port- 
land cement in the same manner and 
to the same finished thickness as speci- 
fied for adjacent insulation. For breech- 
ings and ducts suitable provision must 
be made for expansion, so that the joints 
will have freedom of movement without 
disturbing insulation. 

All outside corners of insulation on 
hot air ducts or breechings should be 
protected with galvanized corner bead 
securely fastened over block insulation 
with No. 14 galvanized iron wire. Corner 
bead should be set so as to provide a 
true line and finish flush with the final 
coat of cement. 

For the finishing of insulation on duct 
work and large pieces of equipment, a 
mixture of portland cement and long 
fibre asbestos, in the ratio of three to 
one, for the last 14 in. coat has been 
found desirable in place of the stand- 
ard canvas finish, this eliminates the 
Possibility of flash caused by heat leak- 
age through joints or cracks in the in- 
sulant. 

Before insulation js applied to 
flanged heads of equipment, 1% in. 

nuts or other approved fasteners 
should be installed on suitable centers 
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around circumference of the heads, ap- 
proximately 3 in. from intersections 
with flanges to provide fastening for 
insulation tie wires. Also, when bot- 
toms are to be insulated, suitable tie 
wire fasteners should be provided. 

Wherever corrosion might result from 
electrolytic action, all wire mesh and 
metal lath reinforcing should be cut 
back where necessary to avoid contact 
with vessel projections, particularly 
for aluminum equipment. 

Where hangers support refrigerating 
equipment directly, each hanger should 
be insulated in the same manner as the 
equipment for a distance at least 12 in. 
beyond the equipment insulation, and 
the sealing membrane carried at least 
6 in. over adjacent insulation. 

Industrial equipment operating at 
low temperatures should have all brack- 
ets insulated with the vessel as part 
of the vessel area. Beams supporting 
brackets should be insulated for at 
least 12 in. each side of the bracket. 
Where pipe nozzles, ladder clips and 
level gage brackets project through 
the insulant, they should be flashed 
with black asbestos roof putty. Insula- 
tion of low temperature equipment 
should generally include insulation of 
all blind flanges and nozzles. 

Equipment located close to the floor 
or other areas where there is danger 
of mechanical abuse should be pro- 
tected by means of a sheet metal jacket. 
Insulation should be stopped short of 


flanges and beveled off at 45 deg. to 
permit easy removal of flange bolts. 

In applying insulation jacketed with 
canvas, weatherproofing felt or other 
flammable materials, care must be taken 
to cut the jacket away from all hangers, 
brackets or hot projections to avoid 
possibility of scorching or fire. These 
areas should be given a hard, smooth, 
asbestos cement finish. 


W eather proofing 


Insulants exposed directly to the 
weather should be suitably protected. 
Asphalt-saturated asbestos or rag felt 
jackets appear to be satisfactory where 
the type of equipment permits the use 
of such materials. Where a regular 
program of maintenance inspection is 
not followed, the asbestos jacket offers 
some advantages in not requiring peri- 
odic coating. Metal jackets can be 
used, but they are usually expensive 
and require careful construction to 
provide the complete protection re- 
quired. On irregular surfaces or types 
of equipment where the jacket mate- 
rials cannot be used satisfactorily some 
plastic weatherproofings have proved 
suitable. Because of fire hazard, re- 
strictions against the use of hot as- 
phalt or other coatings with volatile 
solvents have led to the use of emulsi- 
fied asphalt mastics which give a cold, 
odorless protective coating even to wet 
surfaces. 








rReinforced mineral woo/ blanket secured 









--“V "type expansion joint welded 
at top 


Strip of metal lath wired or stapled in place 


' 
| Suitable high temp insulating cement 


to duct insulation 


Primary insulant 
--Duct 





























— eS —-~ Primary insulant 


r—Half section of suitable pipe covering 


-—Duct 





--Block type insulation wired in place 
to duct insulation 


-Primary insulant 


~Duct 

















(A) Hard cement 
Finish, 
(B) 
. Hard cement 
Stiffeners ‘fear’ 
below | = 
insulation 
Angle stiffener ----- 
Hard cement 
Finish, 
Stiffeners e 
above 
insulation 
thickness” 
\ Su/teble high temp. 
\ /nsulating cement ~~ 
\ Hard cement tit ik 
. Finish L 








E_-—- Primary insulant 


Ws 








Fig. 4.—(A) Method for insulating expansion joint, (B) Methods for insulating duct 
stiffeners having a height less than and also greater than insulation thickness 
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Things to Consider When 


HORACE C. HILLMAN 
Production Engineer, Lockheed Aircraft Corporation 


MANY PROPER and improper ways to de- 2. Round external corners except at length to thickness for unsupported pry 
sign molded plastic parts are illustrated parting lines. Fillet internal corners. jections should not exceed 2:1. 
on the following pages. In addition to 3. Avoid abrupt changes in thickness 7. Minimum web thicknesses for moldej 
these graphic rules, the following gen- and in cross-section. parts are 0.03 in. for unfilled and 04 
eral precautions, if heeded, will avoid 4. Avoid sections over 1 in. thick in in. and up (depending on filler) {,, 
production and service troubles. thermosetting materials or over 0.25 in. filled plastics. 

thick in thermoplastic materials. Thick 8. Parts subjected to corrosive agen; 
1. Avoid re-entrant curves and under- pieces increase cure time. must avoid entrapment of these agents 
cuts. Extend internal bosses to bottom 5. Reinforce flat surfaces at corners. 9. Locate lettering on surfaces paralle 
of closed area to prevent undercuts. 6. To avoid possible breakage, ratio of to parting plane. 


MINIMUM TOLERANCES FOR MOLDED PARTS 


Dimensions lying entirely within one of the parts of 


Minimum draft is 0.005 in. the mold can have a minimum tolerance of +0002 in, 
per in. but 00/5 in. per in>~._ up to OS in. 
is preferred at Above 0.5 in. add 0.0005 in. for each additional 0. in, 









Corner radii should never------- — 
be less than 0.03 in. — > 





‘\-Par ting line 






















ae ° ' 
; 2 Fig e | 
Dimensions paralle/ to parting line but —----------- F - 
spanning two different parts of the mold ~ “Dimensions across parting 
and subject to mold misalignment, /ine, minimum tolerance Si 
minimum tolerance /s: + 0.0/5 in. for compression molding 
tQ.005in. for dimensions up to /.00in. +0.003 in. for iryection molding 
Above /in., add + 0.00/in. for each additional inch 
Fig. 1—The tolerances indicated are minimum. Greater Permissible draft should be specified on the drawing 
tolerances should be specified, if such are permissible, by a general note such as: “Note: Draft of 0.015 in./in. 
as they usually result in better qualities and lower costs. max. unless otherwise noted” 
003" 
LOCATIONS OF INSERTS Simin 
I + 
Fig.2 iy aR 
7 Sey 
EN 
ded 
LS Be 
} v2. 
VET sip ems 
























/ 

Dart: / . ord | 
arting plane/ whichever /s greater 
Best . 

Least Desirable Minimum Edge Distane 
Fig. 2—Inserts should be located perpendicular to the the extreme right. For lightly loaded unfilled parts the 
parting plane; parallel to the parting plane is poor de- inserts may be located slightly closer to the surfaces, but 
sign; oblique is least desirable. Minimum edge distances in no case should the knurled or gripping area of the 
or distances to the surface are as given in the sketch to insert be less than 0.03 in. below the surface 
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Designing Molded Plastic Parts 


# 


SIZE OF INSERTS AND 
SERRATIONS 


MATERIALS WITH COARSE FILLERS such as macerated 
fabric or fibre not only require stronger inserts to 
resist increased flow pressure, but the inserts must 
have large serrations or grooves (0.05 in. min.) to 
allow sufficient grip. Non-filled materials permit inserts 
to have shallow gripping means (0.01 in. serrations) 
and greater contact area. 


TOLERANCES AND POSITIONING 
OF INSERTS 


INSERTS WITH LARGE TOLERANCES are to be avoided as 
it is difficult to fit them properly in the mold. Inserts 
that depend upon closure of the mold to position them 
firmly are not satisfactory for compression molding. 
Such inserts can be used satisfactorily in injection 
molding wherein the molds are held tightly closed 
before the plastic material is injected. 


WRONG AND CORRECT DESIGNS OF INSERTS 


Plastic tenels to 
flow into threads, 


‘ 








Shoulder prevents plastic 
‘from running into threads 


0.06'(min.) 


ote 






Chamfer avoia's De Py. ~ ey 
be a Get: 
abrupt change YS COnG 
_In cross-section Sarre Cd fart 
- cs SS ad bar 
TAR TICR ey a ae Te. 
Fig. 3 
Alternate 
Punch for square 
hole is not standard; Round hole 
preferred-7 





Plastios #/'// 
t he threads 


Insufficient / 

resistance ‘ 

to, rotation y 
4 














} costly, 


Flat strip--~.,] 






































Shou/der keeps plastic from filling threads and keeps 
mold pressures from shortening thread lead 


|. Shoulder takes, _ = 
=| | pull of nut---| 





















































ZLié = 
is aed SSO 
(irs Pull of nut- 4c} ew — 
Cy ae is taken by pi Sh eh ‘5 
tee anchorage ater “oye ~ 
“% ohi we Bye we LEME w= 
| 
Wrong , Correct Wrong ‘ Correct 
Fig.6 Fig.7 (continued on next page) 
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Designing Molded Plastic Parts (continued) 





MISCELLANEOUS INSERTS 


Fibre insert. 


stop- nut 
LN Lida 

Ea YZ LLL 

4 Surtace deforms 


Lightly loaded insert 


Unfilled 
‘plastic 
















‘Injection molded 
constant wa// ; 



































































Fig. 8 Fig. 10 
Fig. 9 
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"A= iS E 
‘Y, Le Q y, VY) oN 
) Mo /t o> 
| \A5D (Optimum) < yf | ‘ 
2D ( Max.) Jo be 
spun over’ 
, Wire to be 
Fig. I soldered at ZZ 
this point ---- Necked down fo prevent 
--excessive heat transfer 
Fi 17 Wiiar 
il Fig. 20 (610 
Correct proportions for IGS r 


imbedded portion of insert 








DESIGN OF MOLDED THREADS 


Do NOT MOLD THREADS on or in a part unless there is 
a means of gripping it to remove it from the mold. Do 
not mold internal threads smaller than No. 10. Ex- 
ternal threads should be avoided; however, when used, 
they should not be molded smaller than 14 in. External 
threads are more accurately injection molded than 





& Thread molded 


Part breaks he teeter 


here . 
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_ 
* “4 


Mbdlttltb 











LLM 





Wrong 


200 


Fig. 21 


compression molded. Molded threads subject to as- 

sembly and disassembly in service should not be 

smaller than 4% in. in diameter. Use coarse thread 
series (Class 2) for molded threads. Threads should | 
begin and end 0.03 in. from lug or hole extremities. 

Both right and wrong design details are shown below. 


less than —-- ss — 
thread T 


minor dia. 
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CORES AND HOLES 


THE USE OF CORES IN A MOLD increases both its cost 
and its operation cycle; therefore, designs requiring 
cores should be avoided. When cores are necessary, 





aN 7 spi a; 


hi & ; pe 
N! Y) awe OG | i | 3 














they should be: 1. perpendicular to parting plane StZh rinse 
3} Q (best) ; 2. parallel to parting plane (poor) ; 3. oblique =* Spm S—4~4-4 
(least desirable). Long slender cores should never be CHA (OAM os 
used unless they can be supported at both ends. Holes x fo 44; = | Wa ae 6 
which are not perpendicular to the parting plane are Ne 








sometimes more economically drilled than molded. 
Blind holes should not be deeper than 114 diameters in 
compression moldings nor 2% diameters in injection 
moldings. 


Fig. 22—Molded “through” holes if of an appreciable 
length, should preferably be of two diameters, having 
the larger diameter extended over the greater portion of 
their length 


LOCATION OF PARTING LINES 


cCO-}e 


Fin has to be removed | 
at C-C which breaks 
surface and requires 


‘heavy buffing 
Wrong 





Fin comes at sharp 
corners allowing simple 
removal and polish 


Fig. 23 


Fig. 23—Parting lines should be located at surface edges 


"ities . rrect 
so that the “scar” due to flash removal will go unnoticed Co 


DESIGN WEAKNESSES TO BE AVOIDED 

























— LLL 
Gas pocket. Vf Uniform 
“ 4 Lf Uneven wall radii and 
SEL section wall sections 
VILL 
“event Wron 
inser . Fig.24 Correct 
Flat areas requiring 
reinforcement at corners 
Fig. 24—Avoid abrupt changes in thickness and in cross-section 
Wrong 
ge. Fig. 26 
- be 
read 
ould 
ities. 
low. 
, Curve will 
L., Part wil! 
Ty ee a avoid cracking More uniform thickness 
“Q.03in and greater rigidity 
Wrong Fig. 25 Correct Correct 


[NEERING 


Fig. 25—Sharp corrers are alwavs likely to crack and therefore 
should be heavily filleted on the inside. Slightly rounding the out- 
side corner is a further improvement. Notches as shown above 
should not be square, but rounded 
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Fig. 26—Double curvature and spheri- 
cal corners, produced at increased 
tooling costs, result in more uniform 
thickness and greater rigidity 
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Synchronous Motor Designed for 





Starting Torque and Slow Speed 
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PAUL MacGAHAN 


SLOw-SPEED has long been a goal in the 
design of miniature synchronous timing 
motors in order to eliminate the high- 
speed gearing usually required with 
such motors. The gearing not only adds 
to the cost but, of greater importance, 
takes a substantial fraction of the ex- 
tremely small power output of the 
motor. The ideal miniature synchronous 
motor is one having synchronous speed, 
starting torque and low speed. Such a 
motor, using the hysteresis principle, 
has been designed by B. E. Lenehan, 
Westinghouse Meter Division, for use 
in demand meters, two-rate meters, re- 
cording instruments and time switches 
where a high order of reliability and 
long life are required. This motor 
operates at 600 r.p.m. in a 60-cycle 
circuit. 

Synchronism is effected by magnetic 
attractions between the rotating field 
formed by the pole pieces and the 
remanent unidirectional magnetization 
of the armature. Starting torque re- 
sults from iron loss or magnetic lag in 
the steel rotor; hence the term hystere- 
sis. 

Briefly, the motor consists of a cir- 
cular coil field, the center core of which 
joins two sets of polar projections that 
fit together alternately, forming 24 pole 
pieces. Each pair of pole pieces is 
subdivided into a main and a shaded 
pole—all six shaded poles of one po- 
larity being lagged by a common 
short-circuiting ring. The rotor is an 
aluminum cup supporting the active 
remanence member consisting of a thin 
strip of hardened steel. This steel be- 
comes magnetized like a permanent 
magnet as soon as the motor reaches 
synchronism, and because of this “rem- 
anence” will continue in step with the 
alternating current frequency as applied 
to the coil. The entire rotor weighs 
only 514% grams. 

In Fig. 1 is shown the principal parts 
of the motor. Operating coil A mag- 
netizes cylindrical core B, which is as- 
sembled to four pole-piece punchings, 
C, D, E and F, each having six polar 
projections. When assembled with the 
core these projections surround coil 
with 24 cylindrically arranged poles. 


Fig. 1 (Left)—Exploded view of West- 


inghouse synchronous clock motor 


Meter Division, Westinghouse Electric & Mfg. Company 


There are two sets of paired six-pil 
punchings, each separated by coppe 
washers G and H which act as phi 
splitters causing alternate poles to |, 
behind the others and resulting jp y 
elliptical rotating field derived from y, 
single phase coil winding. 

Since two sets of pole-pieces are y, 
tached to opposite ends of the centr 
magnetic core, their phase angle is » 
posed or 180 deg. displaced from thy 
of the pole-pieces at the opposite ej 
This results in a 12-pole magnetic fe 
with each pole “split” or lagged » 
proximately 45 deg., giving a synchrm 
ous rotor speed of 10 revolutions ye 
second in a 60-cycle circuit. 

This rotating field enters a hardened 
steel rotor ring J in the cup K. Startiz 





B 


Fig. 2 -(A) Motor arranged for opa 
gearing drive. (B) Motor with inclosi 
oil sealed gearing is about 2 in. in dit 


energy is transferred across the aif gy 
and produces a torque because of his 
teresis loss in the steel ring. Whe 
speed reaches synchronism, the hystet 
sis disappears and running or synchii 
ous torque is developed by remanel 
magnetization in the steel ring whic) 
retains 12 “permanently” magnetite 
polar zones corresponding to the | 
pole-pieces. 

These poles lag at a slight mecha 
cal angle behind the rotating magne 
field-poles, resulting in the magnet 
attraction which produces the neces 
running torque. ; 

As in other synchronous motors, 
angle increases with load until it & 
ceeds a critical value after which . 
motor gets out of step oF perhay 
stops altogether. 
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ONG BEFORE the war began the 
Japanese had already  estab- 
lished a reputation as imitators. 

But even today the extent to which 
the Japs copy designs, the technique 
they use, their reasons for copying 
and the significance of it are not gen- 
erally recognized. The common im- 
pression is that the Japanese copy be- 
cause they are incapable of design 
originality. 

In order to understand the reasons 
for and implications of the deliberate 
theft of American airplane designs by 
the Japanese, one must consider the 
history of the Japanese aircraft indus- 
try. Until 1926 Japan bought all her 
airplanes from the United States and 
European countries. Then she began 
developing her own aircraft industry. 
In order to get the new industry 
started quickly, the Japanese began 
manufacturing airplanes under foreign 
licenses, paying royalties on _ the 
planes built according to the designs 
furnished by American and other for- 
eign plane builders. They purchased 
in the United States many airplane 
parts, including complete engines, in- 
struments and propellers. This contin- 
ued until 1937 when the Japanese be- 
gan manufacturing planes of their 
own design, including all the parts 
and engines. They needed planes for 
their war in China and foreign rela- 
tions were becoming strained. Whether 
or not they foresaw the coming con- 
flict with the United States at that 
time is not known. But it is an estab- 
lished fact that in 1937 Japan took 
quick steps to relieve herself of all 
dependency on foreign manufacturers 
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Revealed by 
Jap Wrecks 
At Pearl Harbor 


Studies of the designs of wrecked Japanese planes, made by Americay 


Air Forces engineers, revealed that the Japs obviously attempted 1) 


copy selectively, choosing from among various American design 
those features which they considered outstanding. The technique fol. 


lowed, what they accomplished, 


and the probable state of Japanex 


aeronautical engineering are set forth in this article, based upon 


reports by the Army Air Forces 


and released for publication by the 


Bureau of Public Relations, War Department. 


for the building and equipping of her 
airplanes. A new industry was to be 
created as quickly as possible. 
Starting from scratch it would have 
taken the Japanese many years to de- 
velop successful new designs of air- 
plane engines and accessories. To save 
this time they adopted a quick and 
simple method; they copied the de- 
signs of the equipments they had pur- 
chased previously. Such a _ procedure 
had another important advantage. Pre- 
sumably the Japanese had bought con- 
siderable quantities of accessories and 
parts to be used for spares. By copy- 


TYPICAL JAPANESE PLANE P: 


ing the foreign designs, the parts they 
built from the stolen design were inter. 
changeable with the purchased foreign 
parts. As for the legality or ethics of 
such a procedure, one can hardly a 
sume that such considerations were 
even discussed. 

Up to the time of Pearl Harbor it 
was generally assumed that the Japan- 
ese made complete and exact copies of 
American airplane equipment. But when 
U.S. Army Air Forces engineer 
checked the designs of the Japanese 
planes brought down at Pearl Harbor, 
a quite different state of affairs was 














ZERO FIGHTER 
DEsI¢ns 
Name oF Part Coptep FROM REMARKS 
Engine 
Cylinders Wright R-975-7 Similar 
Nose Section Farman type Same as Wn 
Power Section 14 cyl. Pratt & Whitney Copy 
Valve Mechanism Pratt & Whitney Copy 
Carburetor Old type Stromberg Identical 
Generator Eclipse Type G-1 Identical 
Starter Eclipse B-11 Good Copy 
Fuel Pump ' Romec F-4 Copy - 
Propeller 1937 Hamilton Standard Practically # 
Type 3E50-279 perfect copy 
Landing Gear Brakes Bendix Similar 
Instruments 
Compass Fairchild 
Leop Control Fairchild 
Hydraulic System 


Oil Strainer 





Cuno #12547 












































revealed. It was quickly discovered that 
the Japanese had a copying technique 
that was quite original. They copied 
indiscriminately, picking and choosing 
designs of parts and design features, 
) frequently incorporating into their imi- 
> tation various details selected from 
| several different designs of the part 
they were copying. 

When the power-plant engineers of 
the Army Air Forces analyzed the de- 
sign of the engines of the Zero fight- 
ers brought down at Pearl Harbor, 
they found the engines to be an amaz- 
ing conglomeration of parts from vari- 
ous makes of American engines. A 
complete and detailed listing of engine 
parts copied from American designs 
would become monotonous reading. 


.merican Some of the more significant items 
npted to are listed below. 
design Apparently the Japanese technique 
‘ of imitating as revealed in the engine 
ique fol. ' of the Zero fighters built by the Naka- 
Japanese | jima Company was used in the design 
ed upon > of all their engines. Similar copying 
"practices were found when the engines 
n by the | of dive bombers built by the Mitsu- 
> bishi Company were analyzed. 
i Practically all the other equipment 
on the Japanese airplanes brought 
parts they down at Pearl Harbor was found to 
were inte. |. ‘be, upon examination by the Air Corps 
ed foreign + engineers, copied from American and 
ethics of # other designs. The hydraulic hand 
hardly a» — | pumps and many of the units in the 
ons wee hydraulic system are copies or modifi- 
cations of American designs. The oil 
Harbor it strainer in the hydraulic system is 
he Japan: similar to the Cuno No. 12547, modi- 
- copies of fied only slightly. The radio equipment 
But when is largely of German design with a 
engineers few American parts. and the units are 
Japanese mounted on vibration insulators of 
rl Harbor, Lord Manufacturing Company design. 
ffairs was Compasses are Fairchild make, as also 


are the remote compass dial control 
and loop control. The air speed indi- 
cator, fuel quantity indicator and the 
oxygen regulator are all copies of 
American designs, the last a poor imi- 
tation of a Bourdon tube type. The 
suction regulator is an exact copy of 
a Sperry design. The temperature in- 
dicator is an inferior copy of a U.S. 
Gauge Company instrument of the 
Bourdon tube capillary type, the capil- 
lary being poorly armored and the 
means for the instrument adjustment 
being crude. 

All of the instruments use metal 
cases and glass covers that are consid- 
erably heavier than those on Ameri- 
can instruments. They are appreciably 
inferior, both in design and workman- 
ship, with few exceptions. The pitot 
tube design is one. It is electrically 
heated and has an ingeniously de- 
signed cleverly demountable head, mak- 
ing possible the changing of the entire 
head by simply unscrewing a retaining 
nut. Both the velocity and static tube 
connections are made automatically 
when the retaining nut is tightened. 

The Zero fighters have adjustable 
pitch propellers that are almost iden- 
tical with the Hamilton Standard 3-E50- 
279 series of 1937 design. The alum- 
inum alloy blades are apparently per- 
fect copies and many of the internal 
parts of the propellers have the iden- 
tical part numbers as listed in the 
Hamilton Standard parts catalog. 

One might conclude that because so 
many parts of the Japanese planes 
were found to be copies of obsolete 
American designs, the Japanese planes 
from which they were taken were old 
obsolete models. However, the dive 
bombers analyzed were Aichi Model 
99. the model number. according to 
the Japanese system of assigning such 


ANE PAMPIED FROM AMERICAN DESIGNS 


AICHI DIVE BOMBER MODEL 99 








DeEsicens 

CEMARKS _ Name or Parr Copiep FROM REMARKS 
Mitsubishi Engine 

siler ~ . Reduction gears Pratt & Whitney Exact copy but 

ne a8 finish not up to 

ry es American standards 

ny _ Cam Assembly Gnome-Rhone Exact copy 

ntical fe. Crankshaft Pratt & Whitney Similar 

tical - Pistons Jap design Incorporate P&W 


: Cylinder head 











and Wright features 


”y Pratt & Whitney Modified 
5 _ = Supercharger Wright Close copy 
etically # ae 
fect copy Instruments 
; _ £emperature Indicator U. S. Gauge Company ~ Poor imitation 
ilar Pressure Gages (U.S, Gauge Company Exact copies 
a and Pioneer Instrument : 
+) Company) 
| Regulator Sperry Exact copy 
on Isolators Lord Mfg. Co. Exact copy 
atin gs 


Identical 





numbers, indicating that this plane 
model was first produced in 1939 and 
that the particular airplane shot down 
was made in 1941. This conclusion | 
is further borne out by the translation 
of the nameplate found on the actuat- 
ing cylinder for the flap controls. It 
reads, “Made in Japan. 15th year of 
His Imperial Majesty. August 19. Ac- 
tuating cylinder flap. 99 Model Car- 
rier Bombardment Airplane.: Certified 
pressure 66 kg. per sq. cm. Weight 
1.775 kg.” The “15th year of His Im- 1 
perial Majesty” is 1941, which agrees 
with the year indicated by the model 
number. 
Workmanship on the Japanese air- 
plane engines and machined parts usu- 
ally ranges from good to excellent but 
it seems to be Japanese practice to 
machine as few surfaces as possible. 
This is strikingly shown in the gears. , 
the teeth of which have a finish that 
compares favorably with American 
practice, but the webs and hubs are 
not well finished. One might conclude 
that the Japanese are short on ma- 


chine tools and_ skilled mechanics. 


Jap wing structures indicate a scarcity 
of extrusions. Wing spars are built-up 
I-section, ribs are Warren truss type, 
members being formed channel sections 



















truss type 
eX 


a push-pull rod 
guide 








Parts of the control system. The ball bearings are held in the push-pull rods by 
retaining shields screwed and staked into the side faces of the rod ends—a construction 
similar to that found in German JU-88 bombers 


which is probably true. This is further 
indicated by the fact that the Japanese 
gages and instruments are of distinctly 
inferior workmanship. 

In contrast to the engines, the de- 
signs of the Japanese airplane struc- 
tures are not direct copies of foreign 
planes and exhibit some degree of 
originality. This is partly explainable 
by the limited plant capacity of the 
Japanese to make extruded aluminum 
sections and hence they could not copy 
American designs which use extruded 
sections extensively. But aside from 
this, the Japanese did incorporate some 
originality in the design of their plane 
structures. 

Instead of using extruded sections 
for the main spars of the Aichi dive 
bomber, the Japanese use a solid web 
with a cap strip built up of layers of 
aluminum strips, as many as seven, 
riveted together and secured to the 
web by riveting to formed angles. 
There are no lightening holes in the 
web. The spars carry all of the weight 
of the plane; the structure is not skin 
stressed. The wing ribs are all built 
up, not stamped. The structure of the 
plane is considerably lighter and 
weaker than comparable American 
planes, a fact which also is true of 
the Zero fighter. 

In the design of the Zero fighter, 
the Japanese not only sacrificed struc- 
tural strength to attain lightness, but 
for the same purpose they discarded 
all protective armor. Taking advantage 
of the smaller stature of the Japanese 
pilots, the size of the cockpit and 
fuselage was made smaller than in 
American planes. All this resulted in 
a fighter plane with exceptionally high 
horsepower per pound weight of plane 
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which explains why the Zero fighters are 
more maneuverable than the older 
models of the P40. But because the 
Zeros are structurally weaker, they 
cannot dive as rapidly. They are also 
slower on the straight-away because 
of the smaller horsepower of their en- 
gine. 

The discovery of the absence of pro- 
tective armor on the Zero fighters ex- 
ploded the myth that Japanese pilots 
fight with suicidal intent. It is now 
quite well established that the Japanese 
pilots are usually killed even before 
the plane is disabled. Finally the plane 
with its pilot plummets earthward. 
Dead pilots can’t bail out. 

Another weakness of the Zero fighter 
is in the gasoline tank which is not 
bullet proof. Often the first round of 
shots punctures the tank and the leak- 
ing gasoline catches fire. 

Many further interesting features 
were found when the Air Corps engi- 
neers made their investigation of the 
structural details and controls of the 
Zero fighters and Aichi dive bombers. 
The Japanese use flush riveting ex- 
tensively. The skin sheets are 0.020 in. 
thick, the rivets are small—approxi- 
mately sz in. diameter. All push-pull 
tube control joints have self-aligning 
ball bearing rod ends, the rod ends 
being held in the tubes by bolts with 
castellated nuts or by hollow rivets. 
The ball bearings are held in by re- 
taining shields screwed and staked into 
the side faces of the rod ends. This 
construction is similar to that found 
in the German JU-88 bombers. 

Long push-pull tubes are supported 
and guided through the wing ribs and 
at other points by guides in the form 
of three small rubber covered rollers 





set at 120 deg. to each other, each 
roller mounted on shielded ball beg, 
ings and all carried on the Same 
bracket. 

Ailerons, elevators and rudders have 
ball bearing hinges. Aileron contre] 
horns are external and have self align. 
ing ball bearings. Control pulleys ap 
of the shielded bearing type, simil, 
to the AN210 pulley. 

Apparently, the Japanese avoid the 
use of self-locking nuts and nut lock 
For permanent fastenings or infrequen, 
disassembly, they peen the bolt ends 
although in a few places they yy 
helical spring type lock washers y 
slotted and crimped plate nuts. Ca 
tellated nuts and cotters are used ey. 
tensively and are of good quality, Fo, 
fastening the cowls they use a quick 
opening fastener that is identical t) 
the American patented Dzus design, 

The scarcity of metal is evident jp 
many places on the Japanese planes, 
Wood strips are used for reinforcing 
the edges of aluminum sheets used jy 
spars and control surface structures, 
Apparently the wood strip is placed 
near the edge of the sheet and the 
sheet is then wrapped around it. The 
resulting structure is not as strong a 
the comparable American construttion 
and it is probably used to save alu. 
minum and as a simple substitute for 
extruded sections. 

Many significant conclusions can he 
drawn from these studies of the de 
signs of Japanese military planes. Ad- 
mittedly the Japs did an amazing job 
of imitating. From long practice they 
obviously have become expert at it. h 
general, the workmanship throughout 
their airplanes must be classed as good 
but it reflects a scarcity of machine 
tool equipment. Surfaces are finely 
finished only where absolutely essen 
tial, with the result that many of the 
parts look crude and clumsy and obvi: 
ously are inferior with reference to 
fatigue strength. The use of wood for 
reinforcing, linen tape for clamps, alu 
minum for the crankcase and the visual 
absence of extruded aluminum sections 
all reflect the Japanese scarcity of raw 
materials and their limited capacity for 
producing semi-finished forms such a 
extrusions. 

It would be dangerous to conclude 
from all this that the Japanese at 
incapable of original design and firsts 
class workmanship. As explained, one 
of the compelling motives for copyilg 
foreign designs was the urgent need 
for haste. But it is axiomatic that cot 
sistent copying will result in dulling 
the ability to do original work. The 
degree of this is debatable, but coh 
ceding all questionable arguments, 0 
fact is definitely established. In viev 
of the practically total absence of de 
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ign originality in the Japanese en- 
jes, instruments and airplane acces- 
caries, one is forced to the conclusion 
shat the Japanese do not have much 
i, the line of research and develop- 
nent laboratories and qualified men to 
operate them. It is known that there 
wre some outstanding and most excel- 
lent scientists and engineers among the 
Japanese, but only a limited number. 
The continued use by the Japanese of 
copied designs, many of which were 
abandoned by the U.S. Army Air 
Corps years ago, compels the conclu- 
jon that the Japanese do not have 
the engineering manpower to keep 
their designs up to date. 

A marked shortage of Japanese air- 
craft engineering talent is indicated not 
oily by the study of their designs but 
also by a consideration of the probable 
sate of the Japanese aircraft industry. 
It would be unreasonable to assume 
that the Japanese have aircraft research, 
experimental laboratories and engineer- 
ing departments capable of developing 
original and superior designs of mili- 
tary planes with any degree of speed 
comparable to that of America. Japan 
has relatively few engineers, probably 
less than 10 percent of the number of 
American technically trained men, 
judging by the enrollments in their 
technical universities and engineering 
societies. Nor has Japan had the time 
to develop research laboratories in 
aeronautics and have them now produc- 
ing appreciable results. It takes ten 
years to get a research laboratory to 
the point where it begins to produce. 

It is also evident from the examina- 
tion of wrecked planes that the Japan- 
ese are not able to do much in the way 
of developing improved designs. Many 
of the parts taken from the planes 
were copies of American designs of 
ancient vintage, many of them dating 
back to 1937 and even 1935, although 
the planes themselves were built in 
1941. The significance of this is that 
over a period of four to six years the 
Japanese did not find the time or did 
not possess the talent to either develop 
improved designs of their own or copy 
later models of American makes. 

When hostilities began, the Japanese 
had fairly good airplanes with good 
engines. But already the effects of the 
werwhelming power of American en- 
gineering talent is beginning to be 
felt. It has already been demonstrated 
that the latest designs of U.S. military 
planes excel the best that Japan has 
ofered. As time goes on, the relative 
superiority of the American military 
planes will increase while the Japan- 
es engineers longingly wait for the 
opportunity to further enhance their 


well earned reputation as the amaz- 
ing imitators. 
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HYDRAULIC CONTROL SPEEDS 
MILLING OF AIRCRAFT PISTONS 


Design of this special-purpose machine by Snyder Tool and Engineer- 
ing Company virtually doubles the production rate on milling the 
internal fins or relief in aircraft engine pistons. Snyder engineers 
incorporated two profile milling spindles on one machine with 
hydraulic control which moves cutters downward into piston. The 
spindles then “expand” outward to feed into the sides of the piston, 
the fixture table is rotated to mill the complete fins, and finally the 
spindles retract to starting position. Hydraulic operation, controlled 
by electric circuit, is automatic throughout the cycle, and assures posi- 
tive movement against stops without damaging the machine. Details 
as described by William C. Oberem, Snyder’s chief engineer, are 
given on the following pages. 
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HYDRAULIC FIN MILLING 

































































































































































































 —_— 
Retaining plate. Racks on spindle + 
~ Ti ; | slide engage Pinions 
MACHINE (continued) | ticle + eres 
Re ; 1 ways | expansion 
— : ioe 
Spindles of Snyder fin milling machine are ball- 7 = 
bearing mounted in separate platens which are bolted Head. sane 
to slides mounted on head. Entire head, including ak Pd 
motor drive unit, is moved up and down by 21%4x12 Spindle “3 pty 
in. hydraulic cylinder to give tool clearance for slide i  e- 
loading and unloading. Design of spindles and spindle \ ssp ee mkexe: aot ite 
drive had to meet problem of restricted center-to- LK | 
center distance. Spindles are driven by 5-hp. motor I. eat -——-» i acdibealiahaie ! 
through V-belts and pick-off gears. Speed selected = é 
allows sufficient horsepower to be transmitted to Spinolle housing----- 
cutters. Two long, hardened keys on horizontal shaft Dates 
: ‘ ‘ “ ” Horizontal spindle Vertauls on 
permit the two spindle housings to “expand” later- did: adeaaee this Side 
° . . v wren ee eee. 
ally to feed cutters into work. Expansion of spindles ) - : ' are shown 
is synchronized by rack and pinions. Spindles are Micrometer eset ” : . incomplete Rota 
kept parallel by two deep keys on spindle housings. pe cee pong aes saa , Worm gear set pai 
Interesting problems were met in design of hydraulic la Pp \ me ‘ait 
system: In spindle housing expansion movement, c : , Cutter spindle | dees 
it was found that the cylinders required comparatively _ et - pit 
heavy pressures to move the slides; considerable trou- Micrometer | | " Q}: ! © |S pa 
ble developed in lines feeding oil to these cylinders. nut for pr 
Cure was to place cylinders in vertical position and adjusting a "Ss pra , 
transmit thrust through 3:1 ratio cams. Rotary table CxXPaNsor | 9 — limit 
drive cylinders were originally 214 in. dia., but were of spindle = | i 
enlarged to 3 in. dia. for smoother feed rate. mi | me 
} | | 
© | syste! 
si, Vertica/ aie = | | overt 
aT WOU / CEE) ee inp: Oe EB is lo 
Lite ‘ i Cee f-; OO SUES: Baa 
icy tN bs ae i . m- 
pINZ I AJ P ' ¥ IRR 3-3 5- ca 
N41 1 Head cylinder ae oe “ETH \ throu 
Yn? tbl ot _ m0 
4 ! Li Head | 7h | 
=i \! | ra Pa P P Milli 2 = | 
4 H } Motor 3:1 ratio cam prota: = = ~-Piston 
—4 i if . A 
+3 4) relosea cutter | 
am. 1 | ah V-be/t+ 
do it hy j |Z “drive DETAILS OF SPINDLE DRIVE 
“6 1 | Wee) oe : 
Aa t rarer ry —Courtter weights 
+--+ | He —_ = 
--1b4-4 | 
4-4 1Wiht! lS a --Gear 
rs Nt it a IM reduction 
PES=FF=E33 alii (+ eae 
ty | I awe 
| ff i | Horizontal 
L___. = rT} il eys for 
1 : 2 = | f= =6spind le 
| | tS . 
| i ~~ slides 
h-Ol | y “r3~. ” 
ieee lit 1 a ~Positive 
i a. @ - stop 
| 
| nut 
l 
_j 
Motor for ; 
hydraulic pump Vertical adjustment of spindle housings for elevation of cutter 
mounted in hase is provided by micrometer adjustment screws. Four bolts on each 
ee housing are loosened, micrometer screw is adjusted, and bolts aré 
SIDE VIEW OF MACHINE then tightened. Lowered position of head is adjusted by stop nul 














following which fine micrometer spindle adjustments are made. 
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Rotary fixture table is driven by hydraulic cyl- 
inders through split-rack as shown at right. Solenoid 
valves feed oil under pressure to advance one cylin- 
der; oil in other cylinder is forced out through meter- 
ing valve which controls speed of rotation. See also 
schematic circuit, on following page. Photo above 
shows cutters in expanded position. Plungers shown 
are pushed down by dogs on rotating fixture to trip 
limit switches for reverse. Electric timer then con- 
tinues feed for 1 to 2 sec. after solid stop is reached 
to insure completion of cut before reversing. Hydraulic 
system prevents damage -that could be caused by 
overtravel in a mechanical system. Cover plate on 
front of machine gives easy access to switches. Piston 
is located and held on table by simple equalizing 
cam-operated device which grips wrist-pin inserted 
through piston. 


Depth of cut in fins is adjusted by micrometer 


s . . s 

rs screw against which the spindle housings come 

0 ; . . . . . . 
Positive stop after expanding. Variations in diam- 


e - i 
ter of cutter caused by wear can easily be com- 
pensated by this adjustment. 
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Adjustable 
positive _ 
stops<==—--- 
\ 
Split rack transmits 
cylinder thrust to 
rotate fixture 
- 
/ loca ting surface 
Dogs bolted iin / | of oircratt 
T-slots on ; | piston 
tix ture : 


% 
» 





\ 
\ 
\ 
‘ \ 
Micro Switches and limit switches 


mounted inside housing, actuated by plungers 
Section A-A from Front 
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DETAILS OF ROTARY TABLE 
AND CAM-OPERATED FIXTURE 





(Continued on next page) 
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HYDRAULIC FIN MILLING MACHINE (continued) 





Page ----Vertical 23 x 12” 
cylinder positions 
head of machine 
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é > 
cylinders \ 
rotate fixture Meter 
controls 
as speed of 
MS, MSg — 
Arrangement HYDRAULIC CONTROL CIRCUIT — 
of dogs Solenoids for hydraulic 
a CRe,, valves 
ae a rae ’ 
OPERATION nFunedt | 7 pe S++ tH th : chs CRe 3 acres : CR, 
° 1 ‘ rs 
, ° ‘ ‘ olisconnect Tot T, 
1. Spindle slide cylinders and head cyline 7°°°”°° os Toe % 
. . . . . A, 
der held in starting position. Table cylin e | at ta fase Fen 
ders at mid-position. Spindle Hydraulic Toolant up contract reverse run 
. . 7), 171, 
2. Solenoid valve S, de-energized by start wer le wee Pm. 3 — S483 
button, and head rapid-advances hydrau- Fuse eile 
lically to solid stop, trips Micro Switch ~ THOTT +\e- 
— St # St WOoV, CRe>\*-Fuse 
MS,, and holds. ‘ —? 2 | OL. 
3. Solenoid valve S., de-energized, and pe 
2x3 in. cylinders feed to expand spindle SH rt © 
slides to solid stop, tripping Micro Switch rr eRs CRR CR, CRY 
MS,. <a ae 
‘ , Ul CRe-4>) 
4. Solenoid valve S, energized, and fixture ee « MS U 
: MS, 1K T 9| 
rotates forward from center to solid stop. h ~_ = = 
, ; CRs 
5. Solenoid valve S, energized and fixture 3 cr Ot 
reverses past center position to solid stop. ™ Me 4 TD, O 
‘ ° il 
6. Solenoid valve S, de-energized, and fix- TD, CRR_ ACR 
ition. K_TD2 CRa | ae 
ture returns to center position. Stops at D 4 MSg 9 CRR 
exact center position. Roy 
7. De-energize S; at center position so that Le e ro 
fixture stops at exact center. TD CRs 
8. Solenoid valve S, energized to contract ee a ° 
tool slides and hold. CRs 
9. Solenoid valve S, energized to retract 3] Em. Ret 
head c 3 CRR 
read. -, <j-——+ 
10. Emergency return is in sequence. | CAR 
ELECTRICAL CONTROL CIRCUIT 
Interlocked hydraulie and electric spindles, table feed forward and re- tor. Piping and pump are contained 
circuits operate the machine cycle auto- verse through complete cutting cycle, within oil tank. Valves and speed cot 
matically. When machine is started and spindles then contract and with- trol meters are externally mounted 
from push-button station, it follows draw upward to starting point. Hy- for quick adjustment. Elements of elec 
through lowering and expanding of draulic pump is driven by 2-hp. mo- trical circuit are compact. 
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Allison engines in Curtiss P-40 pur- 
suit ships are supported at four points 
by flexible mountings in order to elim- 
inate effects of vibration. To facili- 
tate overhauls, tubular structure is 
bolted together and saftied. Each of 
four motor supports is a group of 3 
Lord tube form, shear loaded, bonded 


WELDING SPEEDS 


Design study of coolant system for 
recently designed liquid-cooled air- 
craft engine showed several ways to 
speed production. Parts are formed 
from 18-8 stainless steel welded tub- 
ing, chosen for strength, corrosion re- 
sistance. Trouble was encountered in 
welding finish-machined flanges to 
tubes; distortion hindered assembly to 
engine. Semi-finished flanges are now 
welded on; finish machining is done 
after part cools. Some pieces involved 
a bend in one plane interlocked with 
a bend in another plane—impossible 
as a forming operation unless with 
drop die. By bending two sections of 
tube and then welding them together, 
shape was more easily achieved. Further 
tedesign may avoid weld. Some out- 
lets, of 18-8 welded tubes with 0.032- 
i. wall thickness, are successfully 
bent to 5-in. radius. 
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AIRCRAFT ENGINES MOUNTED ON RUBBER 


rubber mountings in line with main axis 
of the ship, thus keeping space re- 
quired to a minimum. Front mount- 
ings are of stiffer composition than 
rear mountings, taking advantage of 
resilience of tubular structure, and re- 
lieving engine of torsional strain. No 
resonance points occur in range of 


FORMING OF 18-8 COOLANT SYSTEM 








engine speeds, and vibrations of power 
impulses are absorbed by rubber in 
shear. (P.E., Feb. 1942, pages 62-67.) 
Horizontal restraint of tube type mount- 
ings gives “cross-member” stability. 
Vertical motion of engine is limited 
by separate snubbing washers which 
supplement functions of the mountings. 














oll 








Shallow tooth 
metal gear 
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Transmission 
~<_ings changed 
trom rubber 
to Resistoflesgy” 


Rubber conservation program at 
R.C.A. Manufacturing Company, begun 
when first whispers of rubber scarcities 
were heard, has led to adoption of Re- 
sistoflex (polyvinyl alcohol) synthetic 
resin in many applications. Typical 
are transmission rings (left) and con- 


MACHINE THROWS FIELD WIRE TO 


Insulated field telephone wire can 
be thrown off to the side of the road 
from a truck traveling at any speed up 
to 30 m.p.h. by this Signal Corps wire 
throwing machine. The wire can be 
thrown far enough off the road so that 
it will be free from danger of crushing 
by other vehicles, and can be projected 
to height of 40 ft. in order to clear other 
vehicles or roadside obstacles. The ma- 
chine consists of steel frame on which 
is mounted reel cradle, wire-ejecting 
mechanism, wire recovering mechanism, 
power unit, driving mechanism, and con- 
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Wartime Designs—SYNTHETIC RESIN REPLACES RUBBER 


veyor belt (right). In transmission de- 
vice, revolving turret carries a series of 
heads, which are revolved in sequence of 
indexed positions. Heads rotate when 
their shallow-toothed metal drive gears 
are brought into mesh with rubber rings 
clamped to driven shafts. New poly- 





trol mechanism. It is powered by 
special 5-hp. aircooled gasoline engine 
connected through automatic centri- 
fugal clutch. Automatic brake is pro- 
vided for stopping rotation of wire reel 
and a hand throttle controls speed of 
engine. Entire unit is mounted on back 
of 21%-ton truck. 

To operate, a reel carrying a mile of 
telephone wire is inserted in a cradle. 
Wire is then threaded through a tension 
and guide pulley. From there it is in- 
serted through rollers and _ passes 
through a fin which controls the direc- 





vinyl alcohol rings are reported to out 
last rubber rings. In conveyor belt on 
machine making small parts at R.CA. 
the Resistoflex replaces a woven wire 
belt. Another application is in tubing 
where the synthetic resin replaces rub- 
ber, brass, copper, and stainless steel, 


SIDE OF ROAD 





tion in which the wire is projected. lt 
is possible to control the path of the 
wire as the truck moves along the rosé. 
This is done by adjusting the angle 0 


the ejector. Signal Corps officers be 
lieve this design is superior to enemy’ 
hence withhold further details. By u* 
of this wire thrower, a mile of telephont 
wire can be laid in two min. by a crew 
of 3 men. Two trucks acting as a teal! 
can lay 50 miles of wire without stop 
ping; one reloads as the other works. 
The unit is also used to recover Wilt 
at any speed up to 10 m.p.h. 
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gine and lead ore which formerly 
yas lost to the war effort is being re- 
covered in huge quantities by means of 
instruments which the U.S. Bureau of 
Mines has developed to show which pil- 
jars may safely be removed from old 
workings. 

Thousands of tons of these ores al- 
ready have been recovered from a work- 
ed-out mine in the Tri-State district of 
Missouri, Kansas and Oklahoma. The 
device also can be applied to open-stope 
operations in fields producing iron, cop- 
per and other ores. 

The instruments amplify and record 
subaudible noises which precede rock 
bursts, and study of their graphic re- 
cordings taken over appropriate periods 
allows engineers to estimate whether 
pressure on a pillar is sufficiently small 
toallow reclamation. The noises, which 
are amplified up to 10 million times, 
indicate pressure zones in the rock and 
warn of impending falls. Proper use 
of the instruments not only affords rela- 
tive safety to the miners but also pro- 


tects surface installations from 
subsidence. 
Mobile maintenance and_ repair 


shops which are capable of handling all 
but the heaviest jobs in the field will 
soon be available to Engineer outfits 
throughout the army. The nine types of 
trucks which will be used will carry 
small generators to power tools and 
lighting systems, small air compressors, 
portable forges and basic repair shop 
tools, 

Blackouts won’t hamper these units. 
which are equipped with canvas-covered 
steel frames which close up tight for 
blackout work or which spread wide to 
provide a spacious sheltered area. Sides 
may be lowered to form outside work 
benches. 

The units were developed by the 
Engineer Board at Fort Belvoir, Va., 
and were tested in the Carolina maneu- 
vers last fall. 


Artilerymen soon will be using 
cartridge cases of pressed steel rather 
than brass, and the Army says the 
changeover not only will save critical 
materials but will cut costs and lower 
production time as well. 

The War Department announced that 
the switch will be made “within the next 
few months” after several development 
orders, announced early this year, 
proved successful. Meantime, similar 
experiments in use of steel for small- 
arms cartridge cases are continuing, 
following “preliminary good results.” 
‘ow, such cases are made largely of 
copper. 

Time savings that may be obtained by 
the substitution of pressed steel for ear- 
lier steel models result principally from 
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WAR TIME DE VELOPMENTS 


eliminating processes which formerly 
called for forging, casting and auto- 
matic screw machine operations, The 
new process will bring facilities of auto- 
mobile companies and manufacturers of 
consumer durable goods more com- 
pletely into the arms program. 


Microfilming of old records is 
saving the army much floor space and 
many filing facilities. After 100 tons of 
old Engineer Corps records, which filled 
1,000 filing cabinets, had been photo- 
graphed and the films stored in much 
less space, the Army set to work on all 
muster rolls and rosters of the 26-year 
period from 1912 to 1938. These files 


New diesel 


“pancake” engine 
which is adding cruising radius, speed 
and maneuverability to the Navy’s sub- 
chasers charged with cleaning up the 
coastlines. Two of these power plants, 
built by General Motors Electro-Motive 
Division and believed to be the lightest 


now cover approximately 4,000 sq. ft. of 
floor space, but they will use only two 
cabinets when reduced to film. The pro- 
cess also conserves metal, officers say. 


A new agency to oversee re- 
seareh jn at least five fields bound up 
with the war effort is planned by the 
War Production Board, which so far has 
been unable to find the $100,000,000 
required to finance it. 

Already known as the Office of Tech- 
nical Development, the proposed agency 
will neither serve as a catch-all for 
everybody’s ideas on war production nor 
encroach on governmental or private 
investigations already under way. In- 








ocean-duty diesels in the world, are in- 
stalled in newer subchasers. Resultant 
space and weight savings allow im- 
proved performance in range, armament 
or speed, but newer boats are getting a 
combination of these gains. For full de- 
scription, see P. E.. Aug. 1942, p. 477. 
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stead, the WPB pictures it as a body of 
top-flight scientists and engineers under 
which promising ideas can be nursed 
along to the blueprint stage, developed 
in laboratories, tried out in government- 
financed pilot plants and finally put into 
production. 

The OTD’s field, not yet definite, 
probably will include rubber, drugs, 
natural resources, transportation, food. 


Despite a slump in June, United 
States’ war production for the first half 
of 1942 showed imposing gains over 
1941 totals. Chairman Donald M. Nel- 
son, of the War Production Board. 
issued figures showing that aircraft pro- 
duction for the first six months of this 
year was greater than that during the 
entire preceding year. Delivered mer- 
chant ship tonnage was well more than 
twice that of 1941, and tank production 
was more than 3% times ahead of that 
for the previous 12 months. Artillery 
and anti-tank gun production stood at 
2,000 a month, and machine guns and 
sub-machine guns respectively were 
turned out at rates of 50,000 and 55,000 
a month. Despite the figures, Nelson 
warned that the report should not be 
the basis for undue optimism. 


The spectacular method by which 
the Luftwaffe dumped an invasion army 
into Crete from a skyful of gliders is a 
special expedient for special cases, in 
the opinion of the War Production 
Board’s cargo plane committee. In sup- 
port of its conclusion that gliders do not 
now appear to have any important con- 
tribution to make to the general prob- 
lem of efficient cargo movement on a 
large scale and over long distances, the 
committee pointed out that it would 
require seven or eight cargo planes each 
towing one or two gliders to move the 
same amount which 10 similar cargo 
planes could handle if unencumbered 
by gliders. 

The committee turned thumbs down 
on the motorless craft in a report to 
WPB Chief Donald M. Nelson. It rec- 
ommended doubling of the present cargo 
plane production program, further im- 
petus to development of long-range land 
and sea planes and a large increase in 
facilities for manufacture and _ trans- 
portation of aviation gasoline. Nelson 
explained that the report would have 
to be considered in the light of existing 
plane production efforts, and warned 
that any broad increase in freight plane 
production would be at the expense of 
trainer or fighting plane output. Mean- 
while. the WPB is pressing its investiga- 
tion of possibilities of new production 
facilities and of conversion of other 
industries. 

The committee showed no overwhelm- 
ing enthusiasm for air transport’s ability 
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to master the export-import situation 
confronting the United States as Arsenal 
of Democracy. While it found that as 
much as 50 percent of the overseas ship- 
ments bound for army or navy units are 
susceptible to shipment by cargo planes, 
the committee found that probably no 
more than 20 percent of the non-mili- 
tary exports which must move out of 
the country during the next 12 months 
can go by air. In addition, the commit- 
tee noted, if all expectable production 
of cargo planes for 1942 and 1943 were 
immediately available for 2,000 hours 
in the air yearly, we would still be 
unable to move into the United States 
all the supplies of 37 vital commodities 
which this country must import this 
year. 

Principal types of army craft now 
under construction as transports include 
the Douglas C-47 and C-54, the Curtis 
C-46 “Commando,” and the Consoli- 
dated B-24, a converted bomber. 





The Navy has successfully adapted 
for cargo work its Martin PBM-3 patro| 
bomber. It is converting some PB2y 
four-motored flying boats, and _ those 
tests already completed indicate tha 
the Martin SRM-1 “Mars” will make 
a fine freighter. 


“Safety audits” of munitions plant; 
and other factories in which the explo. 
sion hazard exists are becoming routine 
for the Army Ordnance Department's 
Explosive Safety Branch. Under the ney 
program, which is administered from 
Chicago, inspectors study protective 
measures in force at each plant, after 
which corrections are agreed upon in 
conference. 

The new agency’s planning and re. 
ports section is drawing up disaster. 
relief programs for each plant under its 
jurisdiction. Individual plans are re. 
quired by variations in protective meas. 
ures employed. 
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stant k, working values for static 
and dynamic moduli of elasticity E, and 
f,, and the damping capacity y of the 
jsolating material, and also the magni- 
tude of the disturbing force in the sys- 
tem, all as explained in Part I of this 
article in the August issue of Propuct 
ENGINEERING, the motion of the founda- 
tio can be calculated. This motion can 
be obtained from the familiar homo- 
geneous differential equation with con- 
stant coeficients, in which 
M = the vibrating mass 
c = the friction coefficient 
zk = the spring constant 
“t = time 
z = the linear displacement of the mass 
from its initial position at time t 
sec. after impact 










Pr dx 
which divided by M becomes 
Px dx be 
gt2ngter=0 (11) 





lsolating Impact Vibrations 
In Machinery Foundations — II 


LEON M. DEKANSKI 
Mechanical Engineer 





Development and analysis of a method for calculating the maximum 
displacement of a foundation under a machine that is subjected to 
single and repeated impact. Also the procedure for determining load 
on the energy dampening element and the reaction of the ground. 


FTER the engineer has established 
such factors as the spring con- 


in which the natural frequency p of un- 
damped system equals \/k/M, and 





n= ou = Dp where D is the quantity 
characterizing the damping properties 
of a given system. 

The general solution of Equation 
(11) for a periodic case is 


f= eat LL (pit) 
Pr 


Vo ——_—._ VV, P 
= — e~?Pt sin (pt V1 — D*)=— e * sin (pit) 
Pi Pi 
(12) 


in which z, the exponent of the Na- 
pierian base e, equals 


D pt/ V1 — D? 


In Equation (12) V, is the initial 
velocity of M from Equation (9), (Au- 
gust, P.E.)., introduced as initial condi- 
tion for time t equal to zero at which 
time also the displacement x equals 
zero. (This treatment of the vibration 


starting with velocity V, is permissible 


only with the assumption that the dura- 
tion of the impact is so short that the 
whole impact process is practically. over 
before the response of the vibratory sys- 
tem sets in). The natural frequency p, 
of the damped vibration is 


n= pvl— D 

The graph of Equation (12) is shown 
in Fig. 8(a) and the corresponding ro- 
tating vector in Fig. 8(6). Incidentally 
it will be seen from these figures that 
on the strength of the assumed law of 
friction the vibration will carry on in- 
definitely after the hammer impact. 
However, this does not happen, since in 
the actual structures there is present in 
addition to the viscous friction, a cer- 
tain amount of Coulomb friction which 
will cause the oscillatory motion to sub- 
side completely within a finite time. 

The force transmitted to the ground, 
which is the real measure of effective- 
ness of the isolation, is found from 


Equation (10) which can also be 
written 
ax dx 
~MR=¢qt™ (13) 


which means that the inertia of the 
foundation is equal to the sum of fric- 
tion and spring forces. 

The velocity V of the mass M at any 
instant or dx/dt is found by derivation 
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Fig. 8—(a) Graph of equation for a periodic case showing displacement. (b) Corresponding rotating vector and displacement 
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Fig. 9- Graphs of the velocity Equation (14). Fig. 10—Graphs of the force Equation (17) showing force transmitted to the grouni 


of Equation (12) in respect to time 
where 
¢=pit, tang, = ~a/n, 
and H? = 1/(p,? + n?) 


y 


V = —e™ (p, cos gy — nsin ¢) 
Pr 
ie , ; 
— —— H sin (¢ + ¢1) (14) 
1 


The graph of Equation (14) is shown 
in Figs. 9(a) and (b), from which it 
will be seen that the displacement x and 
the velocity dx/dt are out of phase by 
the angle ¢:. Introducing the values of 
x and dx/dt in Equation (13) and in- 
troducing for brevity the factor 

A= Vo nt 
Pr 
an expression for the load on the spring 
F, can be obtained 


F,=kAsing (15) 
in a similar way the friction force F, of 
the system is found to be 


F;=cAHsin(¢+ ) (16) 


Combining Equations (15) and (16) 
with the usual vector technique, the 
total force F transmitted to the ground 


is found to be 








F=AZsin(¢ + £8) (17) 
where Z = v(c p,)? + (k — en)? = k (18) 
ee 
and tan 8 = yom 
=2DvV1— D*(1 — 2 D®) (19) 
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Upon substituting these values Equa- 
tion (17) becomes 

i ae 
v1-D 

The graph of Equation (17) is plot- 
ted in Figs. 10 (a) and (0d). 

If it is assumed from the symmetry of 
the curve that t, equals 7/2 (this as- 
sumption becomes less accurate as the 
damping D increases, for example, for 
D equal to 0.35 the error is minus 444 
percent) the value of t,, corresponding 
to the maximum of F may be deter- 
mined from the consideration that for 
such condition the term 


sin (y + 8) 
must acquire its maximum value equal 
1, hence 


sin (pt + 8) = 1, from which (21) 


--iG-1) 


Upon substituting ¢,, in Equation 
(20) the maximum value of transmitted 
force is obtained 
cv, : 

—e~" /P 23 

Di Pn (23) 
Remembering that 





Fn = 


ri = pV1— D* or for brevity p @ 
Equation (23) may also be written 


‘ 1 
F, = VopM > e~ (D/®) (4/28) (24) 


It is of immediate interest to compare 
the transmitted force F,, of the damped 


with that of the undamped foundati« 


F,, for which 


F. = VopM 
therefore the required ratio is 


= — @~(D/9) (4/2-B) 9 


F. 
The plot of Equation (26) is shown in 
Fig. 11 from which it will be seen thi 
the function F,,/F, has a minimw 
value corresponding very closely to) 
equal to 0.35. This important resul 
shows that by introducing a prope 
damping, a decrease of transmitted 
force of over 20 percent can be ob 
tained for the same weight of th 
foundation. It will be seen further thi! 
damping values of D up to 0.6 are f 
vorable, while dampings greater tha 
0.6 would definitely be harmful. 
Remembering that D equals ¢/2I 
and equating this value to 0.35 it 
found that the corresponding frictio 
coefficient 


c=0.7 Mp (2 
This relation is of fundamental i= 
portance since it provides the means {0 
designing the damping device. From: 
practical point of view, the damping 
vice (for example, the dashpot) is 
ally provided with adjustment so !# 
the amount of damping can be varie! 
when the installation is completed. an 
experiments carried out to determm 
the optimum conditions. 
The maximum value of the for 
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transmitted to the ground during the 
frst quarter period after the hammer 
impact is found by substituting in Equa- 
tion (24) the optimum damping value 
of D equal to 0.35 


Vo 
a = 0.762 k— 
F 76 rs (28) 


Equation (28), therefore, represents 
the maximum force “escaping” through 
a foundation of minimum weight. 


Calculation of the Maximum 
Displacement 


With reference to Fig. 8(a) the first 
positive max. of x will occur at 

T 
2 
where g is a correction factor necessary 
to take into account the non-symmetry 
of the curve. For D equal to 0.35 and 
q equal to 0.78 


i= pl =q 


a = 0.78 5 = 1.23 


Upon substitution of ¢1, in Equation 
(12) 
_— 
Pi 
For D = 0.35 and D/@ = 0.374 


23D/8 sin 1.23 (29) 


t= Vo (0.45 sin 1.23 = = (0.59) (30) 
Pi Pi 


In a similar way the max. upswing 
amplitude x. for 
gQ=att 
is obtained as 
oe 
% = = (0.184) (31) 
In addition to these relations. there is 
another condition that must be satis- 
fied; namely, that at no time should the 
resilient element be completely un- 
loaded. The necessity of this condition 
is obvious when resilient elements which 
cannot work in extension are used. To 
realize this condition the max. negative 
amplitude x, must be less than the static 


deflection S of the resilient element. 
With reference to Fig. 8 (a), x2 is less 
than S, or with a safety margin S,, so 
that 
e = (1 + S,/S) 
then 
to S Se (32) 
Remembering that 
S = mo then x < “8 € 
Normally, with reasonable damping 
and not too hard springs, this condition 
is never reached. However, for check 
calculation, the Equation (32) can be 
brought in a more suitable form by 
substitution of x. from Equation (31). 
0.184 2° < Mg € 
P1 k 
And since k/M = p’ 
ge0 
P= 0184 V. 


Load on the Springs 


With reference to Fig. 12 it will be 
seen that if the line OA represents the 
“characteristics” of the spring, so that 


SK =Stana=F 


then OS, represents the static deflec- 
tion and S, S, the additional dynamic 
deflection. 


Therefore the maximum 
total deflection is 
Mg 
oa L 
k + 1 


and the maximum force on the springs 
F, = b(72 +m) = Mot ka (34) 


In evaluating the size and cost of the 
resilient elements an important fact 
should be borne in mind: The theoreti- 
cal volume of a given type and shape of 
resilient element depends exclusively 
upon the permissible stress and elastic 
modulus of the elastic medium and is 
independent of the number of elements 
in which the resilient medium may be 
subdivided. This can be proven by con- 
sidering Fig. 12 from which can be seen 


that the elastic work capacity A, is 


k 
A. = > (Si + 2)? 


_ (2 +4 =? ¢-reb/t) (35) 
represented by the area OS.R in Fig. 12. 
On the other hand, the work capacity 
A, of the elastic medium can be ex- 
pressed as 





ay ao*V ' 

= E (36) 

where o = max. unitary stress of the elastic 
medium, 


E = dynamic modulus of elasticity of 
the elastic medium. 


V = volume of elastic medium 
a = coefficient depending upon form 
and type of medium 
For coil springsa = 4 
Hence, equating Equations (35) and 
(36) the volume of the spring required 


is 
, {Bk es Fe ow pr ) 
, -(5.:) ( k + pi ati (37) 


Repeated Impact 





In the preceding calculations the ef- 
fects of a singular impact were investi- 
gated and it was assumed that the vibra- 
tion is practically damped out before a 
new impact occurs, If this condition be 
considered necessary, then it will be 
seen from an examination of Equation 
(12) that the oscillation amplitude de- 
cays together with the increase of the 
absolute value of the exponent n and the 
natural frequency of the foundation p,; 
on the other hand it has been shown that 
if the oscillation amplitude increases 
above its optimum value the transmitted 
force will also increase. Therefore, if 
the transmitted force be kept at its mini- 
mum, a certain time is necessary for the 
decaying of vibrations; conversely, if 
this time is reduced the transmitted 
force will ipso facto be increased. 

In dealing with quick action ham- 
mers, the result will be that the condi- 
tion of single impact, as assumed in the 
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Fig 11—Plot of Equation (26) giving ratios of force transmitted 
in damped and undamped foundations for various damping 
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Fig. 12—Relation of spring characteristics, static and dynamic 
deflections in resilient element 


O17 








preceding, can hardly be realized in 
practice, hence the condition will be 
that of a damped system oscillating un- 
der a series of instantaneous impulses. 
This case cannot be treated by elemen- 
tary means especially since a consider- 
able damping is used. Although the in- 
vestigation of such a case is outside the 
scope of this elementary treatment, one 
important result from such an investiga- 
tion should be mentioned, namely that 
the conditions of resonance of various 
intensity between the impact frequency 
q and the natura] frequency p, of the 
foundation can occur at many tuning 
ratios g/p,. Incidentally this fact rep- 
resents the essential difference between 
a quick-acting hammer foundation, and 
a foundation of a machine with sus- 
tained harmonic excitation; in the latter 
case the resonance in one-degree-of- 
freedom systems occurs only when the 
tuning ratio q/p,; equals one. 


Reaction of the Ground 


The question of interaction between 
the foundation and the ground is con- 
siderably involved. From a dynamical 
point of view, the elastic properties of 
the ground are very complex, and have 
not been sufficiently investigated up to 
the present time, at least, not to the ex- 
tent that could make possible a simple 
formulation, in a way suitable for com- 
prehensive analytical treatment. 

When a portion of the ground under 
a foundation plate is subjected to 
shocks or vibrations, the energy is ra- 
diated into the ground, partly in the 
form of oscillations in which a portion 
of the ground participates, and partly 
in the form of progressive waves escap- 


ing in all directions; often over consid- 
erable distances from the point of dis- 
turbance. The exact mathematical treat- 
ment of this problem would therefore 
require the consideration of the ground 
as a continuous elastic medium. 

An approximation can be achieved by 
considering the vibrating portion of the 
ground as a spring, the mass of which 
cannot be neglected. This is further 
complicated by the fact that the mass 
itself cannot be taken as a constant, as 
in the case of the usual structural ele- 
ments. Experiments have shown that 
the “co-vibrating’” mass of the ground 
increases together with the ratio of dy- 
namic to the static load. And that this 
ratio takes on asymptotic value, de 
pending upon the nature of the ground 
and the dimensions of the sub-founda- 
tion structure. 

A further simplification can be 
achieved by viewing the problem not 
as a single-degree-of-freedom system as 
has been done in Fig. 1 (August, P.E.). 
but as a two-degree-of-freedom system 
as shown in Fig. 13. In this arrangement 
M, is the hammer mass plus the founda- 
tion mass, M. is the portion of the 
ground mass participating in the oscil- 
lating energy exchange of the system in- 
cluding the sub-foundation structure. 
and G the solid ground. Also k, and c, 
represent the elasticity and the damping 
of the isolating medium. while k, and 
c. are the corresponding values for the 
co-vibrating portion of the ground. 

However, without much sacrifice of 
accuracy, the two masses can be consid- 
ered as uncoupled during the first quar- 
ter of the transient oscillation. This 
assumption will make it possible to in- 
vestigate the motion of the mass M, un- 
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der the action of the force F,, found jn 
Equation (23) oscillating with the angy. 
lar frequency p, from Equation (12). 

In other words taking M,, k:., cs, ang 
the solid ground as a separate system q 
corresponding differential equation cay 
be written 

u.© 7 
the complete solution of Equation (38) 
for small damping c, is 


+ & v4 key = Fm sin pt (38) 


ya Fed 
kk 1—r 
| sin pit — ees f™ sin wnt| (39) 
L vl-— BP J 
where 


o= ye = wvV1— D 





r= 2. r= a = & 
@1 P 2M,’ @ 

The constants k. and c. represent the 
elastic and damping properties of the 
ground and can be determined experi. 
mentally. Some of these constants for 
various types of ground are given jn 
Table II (August, P.E.), where the ¢ 
values are presented in the form of log 
decrement for a given frequency. 

From Equation (39) the maximum 
value of y equal to y,, can easily be de. 
termined graphically. In a similar man. 
ner the maxima of 

a 
can be found, all occurring during the 
first quarter cycle. 

These values are most important, 
since, they represent the vertical move- 
ment y, the velocity V, and the accelera- 
tion of the ground A, consequent to the 
hammer impact, hence they are the only 
really scientific measure of effectiveness 
of the isolation. 

From this discussion it is easily seen 
that all of the values y,,, V, and A, 
diminish together with the increase of 
the foundation weight and with the de- 
crease of the spring stiffness. 

Since infinitely heavy foundations 
cannot be built, the engineer will have 
to consider the fact that a part of the 
shock energy is bound to escape the 
isolation. This fact makes it necessary 
to establish in an experimental way 
some kind of standard of “allowable dis- 
turbance.” 

If some permissible standard magni- 
tude is assigned to these values, the cor- 
responding F,, can be immediately 
found from Equation (39), which to- 
gether with a similar standard magni- 
tude taken for x, as defined by Equation 
(29) can be introduced in Equations 
(23), (28), and (30), from which the 
values of foundation mass M and the 
elastic constant k can be derived. Thus 
the problem will be completely deter 
mined. 
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Causes and € 


Porcelain enamel of this piece 
chipped off around hole because hole 
was placed too close to edge. Strains in 
assembly or service became excessive. 
All holes for mounting screws, lugs or 


mounting brackets should be placed well 
back from the edges. Holes in this case 
also should have been edge-brushed, 
although defect did not result from this 
cause, to minimize chipping in assembly. 
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Rotary type tablet forming ma- 
chine, when placed into production of 
tablets of a catalytic agent. stalled after 
afew hours of operation. Cause: a hard 
metallic oxide coating had formed on 
the punches and dies. Thickness had 
reached a few thousandths of an inch, 
whereupon the punches froze in the 
dies, Inspection of the coating indi- 
cated it would be a satisfactory bearing 
material so, after cleaning up the 
punches and dies. the manufacturer 
simply rebored the dies 0.005. in. 
larger, Although this large clearance 
caused irregular tablets for the first 
few hours, the hard coating soon 
formed again and reduced the clear- 
ance to normal. Operation from that 
point on remained trouble-free. 
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Diesel engine governor was not 
functioning properly at idling speed. 
The engine surged or “hunted” ex- 
cessively. Governor was of the flyball 
type, balanced at idling speed by a 
spring improperly mounted as shown. 
When governor arm was down all the 
way, only one side of the end coil of 
the spring pressed against the arm. 
When arm raised slightly, spring seated 
properly, but the effective load-deflec- 
tion spring rate was suddenly changed, 
causing the undesirable hunting. A 
slight change in the position of the 
spring permitted it to seat properly on 
the governor arm throughout the full 
slow speed range, ending the difficulty. 
Springs should be checked throughout 
full range to ensure proper seating. 


In a governor of the flyball type, 
the governor arm was balanced at the 
set speeds by two springs assembled 
in combination as shown. The springs 
were both in effect at idling speed and 
at low speeds up to 1,000 r.p.m. of the 
internal combustion engine. But at 
speeds above 1,000 r.p.m. the spring at 
right collapsed, whereupon the load- 
deflection rate of the left-hand spring 
alone became effective at higher speeds. 
This design caused considerable unde- 
sirable hunting at speeds between 900 
and 1,100 r.p.m. at no load. Cause: in 
this range the right-hand spring easily 
collapsed with any surge, creating a 
quick change in the load-deflection rate 
of the assembly. Cure was to substitute 
a single spring for the two in combina- 
tion. Wherever springs are used in 
sensitive controls, they must be designed 
and mounted so that no sudden changes 
in spring rate occur through the range 
of operation. 


A SHEET OF LAMINATED GLASS was re- 
quired by a recent British design to 
pass a certain pressure test. Slowly ap- 
plied air pressure caused an unduly 
large number to bulge and then break. 
It was then discovered that the glass 
which the British had used was bonded 
with cellulose acetate, which, of course 
is relatively rigid, while the American 
glass is bonded with vinyl butyral or 
other yielding, tough, strongly adhesive 
plastic. -It was only the bonding which 
made the difference in the strength of 
the two glasses. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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Testing Small Springs 


FROM SIMPLE DEVICES up to intricate 
mechanisms, proper functioning and 
satisfactory operation frequently de- 
pend upon the qualities of the springs 
included in their design. After load 
and deflection of a spring have been 
calculated or experimentally deter- 
mined, there remains the question as to 
how long the spring will function. 
Tests should be made not only as a 
means for measuring endurance but 
also to check against variations in tem- 
per and alloy characteristics. 

Fig. 1 shows a set-up for simultane- 
ously testing two small mechanisms 
which have hairpin type springs similar 


Reciprocating bar 


Springs 





JOHN F. CAVANAGH 


to the sample shown on the platen. For 
this test a block of maple is adjustably 
mounted upon the reciprocating bar of 
an old filing machine. For springs de- 
signed to carry loads in excess of ap- 
proximately 5 lb., stronger mechanisms 
should be provided. The maple block 
carries a cross bar which engages the 
two levers which in turn deflect the 
springs. Springs under test are de- 
flected an amount corresponding to 
normal operation with each revolution 
of the crank. A revolution counter is 
mounted in a convenient manner. Stand- 
ard electrical devices may be utilized 
throughout, or contacts and relays may 






be improvised using equipment on hang 

Two nails are driven into the hag 
board and two pieces of flat spring brag 
are screwed to the board so that they 
normally contact the nails. A bell Ting. 
ing transformer and a door bell are aly 
mounted as shown and are wired up as 
indicated in Fig. 2. A fine wire or cop 
is tied between each spring and jt 
corresponding contact spring so as ty 
hold the latter out of contact with the 
nail. When a spring breaks, the bell 
rings, the machine is stopped manually, 
and the number of deflections are rp. 
corded. 

Frequently it is the “set” rather than 
actual breakage that is the primay 
consideration of the design. In such 
cases the arrangement shown in Fig, 3 
will prove satisfactory for small springs, 
including flat springs. An _ extension 
spring or a flat spring to resist pulling 
action is attached to the end of the 
screw on the side indicated. This spring 
is so loaded as to just cause separation 
of the contact points at the limit of the 
deflection for which the spring is de. 
signed. 

As shown on the wiring diagram of 
Fig. 3, a contact is arranged to be 
closed by a pin on the pulley of the 
crankshaft when the reciprocating bar 
is at the top of the stroke, which point 
corresponds to the instant when the 
contact on the rocker is broken by the 
spring under test. Should the spring 
under test weaken or set to the extent 
of not opening the contact on the rocker 
the instant the pulley-controlled contact 
is closed, the latch of the relay will be 
released thus opening the motor circuit 
and stopping the machine. 
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Spring 
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Contact 
spring -- Be// 
trans. 
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Fig. 2—When spring breaks in endurance 
test, circuit closes and bell rings 
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Fig. 3—Tests for “set” of a spring are made with this set-up of the filing machine. 
When set exceeds limits, latch relay is actuated to shut off motor 
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Multi-Field Pilot Generator Gives 


Addition of a pilot generator makes possible more accurate per formance in the operation of this supercalender in a paper plant 






All-Automatic Motor Regulation 


Cc. W. DRAKE 


Manager, General Mill Engineering, Westinghouse Electric & Mfg. Company 


Merely the addition of a multi-field pilot generator, properly con- 
nected into the circuit of an adjustable voltage motor speed control 


system, can be made to give exacting control of speed, horsepower, 


torque or acceleration. Regulation of the motor is inherent in the 


circuit itself; no relays, rheostat adjustment or devices are used. 


OR MANY APPLICATIONS the 

characteristics of adjustable- 

speed motors on constant-voltage 
circuits, or of constant-speed motors 
operating on adjustable-voltage control, 
are satisfactory. However, more and 
more instances are being found where 
regulation of characteristics other than 
speed, such as torque, horsepower, or 
acceleration, is either essential or de- 
sirable, 

The operation of a d.c. motor can 
be controlled only by the adjustment 
or variation of the armature voltage or 
current, the field current, or some com- 
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bination of these. In most applications 
motor generator sets converting a.c. 
3-phase power to d.c. and using the 
adjustable voltage system of control are 
employed because of numerous advan- 
tages obtained in controlling generator 
voltage by means of its field current. 

Motor generator sets supplying ad- 
justable voltage (formerly called vari- 
able voltage) have been used many 
years for steel mill, paper mill, elevator, 
reversing planer, and other drives. Their 
use is now expanding in other industrial 
applications. 

In the adjustable voltage system, the 


armature voltage and current of a d.c. 
driving motor are controlled by varying 
the shunt field current of the d.c. gener- 
ator that furnishes the current for the 
motor armature. Because the shunt field 
current is always low, generally only 1 
to 2 percent of the armature current, 
its regulation is simple and efficient. 
High-current contactors are not re- 
quired and power losses in resistors 
are negligible. These are the main 
advantages of this system of speed con- 
trol over the constant voltage system 
of control wherein high armature cur- 
rents must be regulated. 

In the conventional adjustable voltage 
system of d.c. motor speed control, the 
generator field current is usually regu- 
lated by the manual or mechanical ad- 
justment of a rheostat. In the improved 
adjustable voltage system of speed con- 
trol developed by Westinghouse, a spe- 
cially designed auxiliary d.c. generator, 
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design of forgings is a a ee in this country. Carel 
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N ORDINARY TIMES the objects 
of good forging design are to make 
" & the best use of the excellent physi- 
"cal properties resulting from high al- 
lowable stress, controlled grain flow, 
ample filleting and absence of porosity 
in forgings, and to minimize the high die 
costs inherent in the process by simple 
straightforward design. This critical pe- 
riod has added a third objective—to fa- 
tilitate procureme’' of forgings by de- 
signing for highe:' rate of production 
per available hamimer. 

There is every reason to believe that 
the production and quality of present 
“forging designs can be markedly in- 
_ereased by revising forging dimensions. 
“tha typical case a minor modification 

in design increased the die life from 37 
to 3,000 parts. At a California aluminum 

forge shop, a capacity of 90 dies per 

month is devoted to 75 resinks and the 
balance to new dies. If the limitations 
of the forging process and the minimum 
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Design of Forgings 
For Speedier Production —I 


O. A. WHEELON 


Methods Analysis Engineer, Douglas Aircraft Company, Inc. 


By keeping draft angles, fillets, edge radii, thin webs and tolerances as 
large as practicable, design engineers can do much to facilitate pro- 
curement, lengthen die life and speed production of forgings badly 

needed by war industries. In this article are shown the reasons why, 

and recommendations are given in handbook style for correct pro- 
‘portioning and computation of forging dimensions. Next month: 
Correct methods for specifying dimensions, tolerances and allowances 
on forging drawings will be discussed in detail. 


coring out impractical and necessitates 
generous proportions for filleting, cor- 
ner radii, webs, and flanges. Accord- 
ingly, optimum structural sections are 
sometimes difficult to attain. 

A forging usually starts as a bar or 
billet, and by a series of hammering 
operations in various dies it is gradually 
worked into the desired shape. The 
exact procedure to be followed is cus- 
tomarily left to the die designer and 
forge shop. As illustrated in Fig. 1, 
several distinct steps are usea individu- 
ally or in combination. 


FULLERING reduces the cross-section 
and expands the stock to approximately 
the required length. The accuracy of 
distribution of the metal is largely a 
matter of the hammer operator’s ability. 






the volume of 
metal to more exact requirements. With 
an edging die the stock is given a rec- 
tangular cross-section. 


Epcinc distributes 


ROLLING is similar to edging, but the 
resulting piece has a circular cross- 
section, the die being known as a roller. 


BENDING dies are commonly used to 
alter the axis of the stock before block- 
ing and finishing. Sometimes the bend- 
ing operation is complicated and may 
require two or more sets of elaborate 
dies. Bending operations produce bet- 
ter grain flow in the finished piece. 


BLOcKING is next to the last step in 
the forging process. The blocking die 
is a rough approximation of the finish- 
ing die, and is intended to work the 
material nearly to shape. The die sec- 
tions are not driven together. The ex- 
cess material is squeezed out on the 
block and sometimes must be trimmed 
off before the finishing operations. 


FINISHING brings the stock to the de- 
sired shape and size. The finishing dies 
are the only dies whose faces are 
brought together in the forging process. 
Rather, they are brought nearly to- 
gether, with a thin fin between them. 
When parts are extremely simple and 


Table I—Common Materials for Forging 





14ST 


















Because of high-strength-weight ratio, recommended for highly 
stressed parts. Forgings are heat-treated at forge shop but no 
heat-treatment note required on drawing. 


Proportions of design details recom- 
mended in this article are followed by 
all product engineers, die life most cer- 
tainly will be extended, resinks reduced, 
and production boosted. 

Other recommendations for increasing 


Aluminum Alloy 


ASIST 
Aluminum Alloy 


Recommended for lightly loaded parts where forgeability 
rather than high strength is required. Allowable stress only 
65 percent of 14ST. Forgings are heat-treated at forge shop but 
no heat-treatment note required on drawing. 





production have to do with die making. S.A.E. Use where space limitations or bearing loads require high- 
By using the limited die-sinking facili- 4135 Steel strength material. When heat-treated above 150,000 lb. per 
ties f F ‘ sq.in. tensile strength, strength-weight ratio approaches that of 
ni ary apeceisons only, and doing 14ST aluminum alloy. Must be normalized and subsequently 
‘hg illed roughing work and templet heat-treated to improve physical properties. . 
making in other shops, the skilled die 
sinker and his machi ld S.A.E. May be used as forged (no heat-treatment) for small non- 
axiom ition. ‘Also, 7 a. 1020 Steel stressed parts or small parts requiring case hardening. : 
blocks could b i — Magnesium Strength-weight ratio similar to 14ST aluminum alloy but 
steel in ig age agian ev X, Z-1 (DOW) allowable stress only 40 percent of 14ST. Because of en" 
‘ ae ‘ AM83S Alloy of corrosion, applications must be limited to parts not expose . 
| of Americ Prototype forgings in improved designs. (AM.Mag.) to severe corrosion. Forgings are heat-treated by forge shop 


The flexibility of the forging method but no heat-treatment note required on the drawing. 
makes possible a variety of shapes and 
Proportions to meet nearly every need, 


but limitations of the process make 





blanks. 
Careful 
duction 


Note: Strength of forgings is improved if the direction of grain lies along the axis 
of greatest stress. 
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the quantity small, the finishing die may 
be used for the entire process, the metal 
being worked gradually by carefully 
controlled blows. 


TRIMMING removes the excess metal 
which has been forced into the gutter 
of the die during the finishing opera- 
tion. This surplus metal appears as a 
thin web or fin called flash, and is 
trimmed off by grinding, shearing in 
a power shear, or shearing with a 
“cookie” type of die. 


There are a number of additional op- 
erations which can be performed on the 
forging blank to make it more nearly 
meet the requirements of the design, or 
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@) Piece is bent to ap- 
proximate shape by 
striking on “bender” 


to reduce the amount of subsequent ma- 
chining. These operations include bend- 
ing, twisting, punching-out of webs or 
bosses, reduction of draft, coining, siz- 
ing and planishing. For small forgings 
one set of die blocks contains all the 
impressions necessary to carry out the 
various successive forging steps. Such a 
die block is called a combination die. 

For some forged parts it may be de- 
sirable to specify closer dimensional 
tolerances and smaller radii than recom- 
mended in this article. This should only 
be done when savings in subsequent 
machining offset the added forging costs, 
or when subsequent machining may cut 
too many fibers in the generous fillets, 


@) After bar is heated, ends 
are reduced by striking 
on “edger” of die block 


Surplus metal or 
“flash” is sheared 
off in “trimming” die_ 


6) Bent piece is hammered 
to shape in “blocking” die 





thus weakening the part. Many such 
examples are shown in the article “Die 
Forged Parts,” by Waldemar Naujoks, 
published in Propuct ENGINEERING fo 
June and July, 1938. 

Materials commonly used for forgings 
include iron, carbon and alloy steel, 
aluminum alloys, magnesium alloys 
brass, Monel metal, copper, nickel ad 
other non-ferrous metals. Specific rp. 
strictions and recommendations for ap- 
plications of the alloys of aluminun, 
magnesium and steel are given jy 
Table I. Unless otherwise specified, ree. 
ommended details covered in this article 
apply to both steel and aluminum forg. 


ings. 










© Center of piece is 
further formed by 
striking on “fuller” 










- 


Fig. 1—Some or all of these steps are followed in the production of a forging. Several die sets are required to carry out these steps 
with complicated forgings, but simple designs may call for only one combination die which contains all the necessary impressions 
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b) ‘Joggled Parting Line 
(should pass through web) 
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~s Natural 
draft angle 


(d) Recommended 


LOCATING PARTING LINE AND FORGING PLANE 





machined _— 


Not Recommended 
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line -----7 





-- Forging 
plane ~ 

















(e) Recommended 


for Balanced 
Die Block 





Not Recommended 








Forging plane and parting line. 
The parting line should be located on 
the drawing of the forging blank ac- 
cording to the rules illustrated in sketch 
(a) above. When possible, the part- 
ing line should be so located that one 
die half contains all of the impressions 
to shape the part. Such drawings should 
give an option for single or two-die 


manufacture, Single dies may incorpo- 
rate broken parting lines. Except for 
single dies, the parting line should run 
through the profile of the web, if one 
exists as shown in (b). The forging 
plane should be selected to (1) avoid 
unbalanced die load; (2) prevent inter- 
ference between part and die in mo- 
tion; (3) minimize subsequent machin- 


ing by taking advantage of natural draft 
angles in either the plan view or om 


cross sections. These principles are 
shown in (c) and (d). Die lock, 
sketch (e), should be balanced to pre- 


vent side thrusts. The die sinker can, if 
necessary, remedy unblanced die lock 
by placing an opposing or counterlock in 
the die away from the forging surface. 
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(c) Bathtub Type Fittings 


Have 5° Draft Angle 





>| K- 7° Draft angle 


»- ~~ Parting line ~~ 


RECOMMENDED DRAFT ANGLES 


I~ 


Cylindrical Sections 


Y cog 
Not this 
Do Not Meet at the Parting Line 








Draft angles ranging from 7 to 10 
deg. are necessary to prevent the forg- 
ing from sticking to the dies. Draft al- 
ways originates from the parting line, 
but the draft angle must always be 
measured from the direction of stroke 
of the forging press. Draft increases 


with die wear. Sketches (a) and (6) 
above show proper draft angles for vari- 
ous details. Bathtub type fittings (c) 
have 5 deg. draft angles, both inside 
and out, to prevent die breakage. For 
cylindrical sections, radial drafts re- 
sult in the plan view when natural draft 
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is used on circular sections. The end 
radius is drawn as shown in (d), but 
is not dimensioned. When regular draft 
angles do not match at the parting line,,. 
the draft in one die should be increased 
as shown in sketch (e) until both of 
the draft angles meet at the parting line.. 


O2T 


















Smal/ v4 
radius 





‘Weterfal! shut Sa, 
effect produces 


cavity 


@) The Development 
of a Cold Shut 











Minimam fillet radii for maximum 
production of forgings are charted at 
right. In no cases should they be be- 
low 4 in. Too small fillets restrict the 
flow of metal into the deeper recesses 
of the die, resulting in a folding of the 
metal on itself, termed a “cold shut,” 
shown in sketch (a) above. Values 
shown in (6) are for sections having 
width-depth ratios approximating 2 to 
1, and for all T-sections. Fillets for 
bathtub type fittings are shown in (c) 
and for web-radius proportions of other 
section see next page. 
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(c) Bathtub Type Fittings 


RECOMMENDED FILLET RADII 





(b, 














Excessive hammering 
required to force meta/ 
into small edge radis 


Effect of Small 
Edge Radii 











Edge radii should exceed the 
minimum values recommended at right. 
Too small edge radii necessitate exces- 
sive hammering which, in turn, causes 
rapid die wear and early breakage. 
Relatively wide flanges should have full 
radii for better metal flow. To facilitate 
die sinking, corner and edge radii 
should remain constant along ribs and 
flanges, even though the section varies 
in height throughout its length. 
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Causes Early Die Breakage 
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(b) Effect of Thin Web 
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Web-radius proportions shown in 
sketch (c) at right are recommended 
for I-beam sections. Thin webs have 
relatively great area of contact against 
the cool die, thereby dissipating heat 
rapidly, and in their cooler condition 
become dificult to forge. As a result 
the part must be hammered more se- 


verely, thus causing rapid breakage of 
the die. On the other hand, the deeper 
cavities may fill or offer strong re- 
sistance to filling before the web is 
brought down to size. The flow of ex- 
cess metal into the gutter will then 
shear the sections into separate parts. 
These conditions are shown in sketches 
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Steel 


(a) and (6). When it becomes im- 
practical to adhere to web thickness 
indicated in (c), several alternate de- 
signs (d) may be used. For small parts 
having fin-like projections from a globu- 
lar center, use minimum proportions 
shown in (c). These dimensions should 
be exceeded if possible for lower cost. 
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3 RECOMMENDED PROPORTIONS FOR PUNCH-OUTS anol Left-Hand Parts 

















Punching and trimming. In order to minimize distor- 
tion of adjacent metal during punching-out operations, use 
r the recommended proportions for aluminum alloy and steel 
shown in sketch (a) above. A small amount of material (ap- 
proximately 4 in.) should be left around the inside of an 
regularly shaped part to serve as a bearing surface for the 
punching operation. Trimming the flash from a forged part 
2) isa difficult operation to control. Trim lines may vary from 

% in. undersize to ts in. oversize. Large parts may be as 
much as ¥ in. oversize. When the trim line must be held 
to close tolerances, the drawing should clearly dimension 
and specify, but such cases should be kept to a minimum. 


Special designs, shown above, include bending, twisting, 
double parts, and left- and right-hand parts. Forgings can 
be bent in either the hot or cold condition. Bends should be 
located to provide for the necking down which occurs on 
the tension side of the bend, and the squeezing out which 
occurs under compression. Minimum radius of bends should 
equal twice the thickness of the part. Forgings may be twisted 
provided allowances are made as shown. Minimum length of 
twist should be approximately 4 in, for diameters up to 1144 
in. Twisted tolerance is plus or minus % deg. At times 
forgings may be made symmetrical and rough sawed to form 
either left-hand or right-hand parts as shown. 
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These military airplanes prove the practicability of three materials in highly stressed structures 


Factors That Influence Design 
When Using Different Materials 


In the design of light-weight structures the relative importance of 
different properties will vary with the material used. The problem is 
one of coordinating different properties of the material used so that 
the material will serve most effectively. Some of the more important 
considerations such as the effects of differences of properties on stiff- 
ness, shear strength, modulus of elasticity are discussed here briefly. 
Among the important materials are aluminum alloys, stainless and 
other steels, and plywoods for highly stressed structures, and plastics 
and magnesium alloys for smaller parts and accessory equipment. 


ECAUSE of the intensive efforts 
put forth in the design of highly 
stressed light-weight structures 

to replace aluminum with other metals, 
or with plywood or plastics, many new 
and ingenious types of light weight de- 
sign are being developed. Much has 
been learned from tests and_ stress 
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analyses made. Perhaps of greatest 
significance, the long-known fact that 
the weight of a structure is not a func- 
tion of the strength-weight ratio of the 
material used, is now not only firmly 
established, but is also more generally 
recognized. Indeed. there is so little 
difference between the strength-weight 


ratio of different materials that this 
factor is obviously a subordinate one. 
Also, the fact that airplanes have long 
been made of aluminum with a strength: 
weight ratio of about 7. while alloy 
steels have a strength-weight ratio a 
high as 10, is clear evidence that this 
factor in itself has little significance. 

A complete analysis of the relative 
merits of various materials for use in 
highly-stressed lightweight structures is 
impossible. Too many factors are iD- 
volved. But it has been established that 
a lightweight structure can be designe! 
to be made of any one of a number 0! 
different materials with little difference 
in final total weight be the material 3 
steel, aluminum alloy or a plywood. 
Only the lack of necessity for exhaustive 
stress analyses has prevented earlier 
discovery of this fact. 

In addition to tensile strength and 
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Be asity, the following properties of the 
"materials under consideration play an 


| jmportant ap 
" gtructures: modulus of elasticity, fa- 


part in the design of 
tigue strength, impact strength, shear 
strength, ratio of tensile strength to 
shear strength, corrosion resistance, 
workability of the material with refer- 
ence to operations such as bending. 
machining, resistance welding and fu- 
sion welding, and other properties. All 
of these properties must be considered 
poth individually and in relation to one 
another. Most of the errors made when 
designing with a new or unfamiliar 
material arise from the fact that its 
properties are not in the same propor- 
tion to each other as those of the long 
used familiar material. For example, 
shear strength of steel is about 1% its 
tensile strength, which is usually sufh- 
ciently high to give satisfactory re- 
sultant shear stresses without investi- 
gation. But in wood the shear strength 
may be only 1/20 the tensile strength 
and therefore the designer must care- 
fully investigate and check all possible 
shear stresses. 

The problem of selecting the material 
for a lightweight design is not merely 
selecting between steel and aluminum, 
for example, but also among all the 
alloys of each and will be further com- 
plicated if composite materials such as 
metal reinforced plywoods and _ lami- 
nated bonded metal sheets are to be 
considered. However, composite mate- 
tials have not yet proved suitable for 
highly stressed members and, therefore, 
will not be considered in this article. 
Laminated plywood, on the other hand, 
is now being used extensively and has 
been found highly suitable for many 
highly stressed structures. Therefore it 
is included among the materials which 
will be discussed in this article, the 
other materials being aluminum, stain- 
less steel, low alloy steel, plain carbon 
steel and magnesium. 


Pure Tension 


On the basis of tensile strength only, 
the relative weights of tension members 
of equal strength would be in the same 
ratio as the weight-strength ratio of the 
respective materials. But there is prac- 
tically no such thing as a structural 
member subjected to pure tension only. 
Although the principal stress in a mem- 
ber may be tension only, there are bound 
to be shear stresses at connections, com- 
Pressive stresses caused by eccentricity 
of loading, and in any case there is al- 
ways to be considered the resultant 
shear developed by a tensile load, which 
‘8 maximum across the cross-section at 
45 deg. to the axis of the member. 

In practically every structural cal- 
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culation the tensile strength of the ma- 
terial is a factor, but in no case is it 
the only materials property factor that 
enters into the calculation. 


Shear Strength 


A dangerous pitfall when designing 
a structure to be made of an unfamiliar 
material is the failure to take into con- 
sideration the ratio of tensile strength 
to shear strength. For aluminum this 
ratio is about 1.6, for steel it is about 
3, but for wood, the tensile strength 
parallel to the grain may be as high as 
12 times the corresponding shear 
strength. For plywood the shear strength 
may be 1% of the tensile strength when 
the grain directions of the plies are at 
angles to one another. 

In a bar subjected to an axial tensile 
or compressive load, the maximum unit 
shear stress is developed across the sec- 
tions at 45 deg. with the axis of the 
member and the maximum unit stress 
developed is one-half the unit stress 
developed by the tensile or compressive 
load across the section at right angles 
to the axis of the member. Because the 
shear strength of aluminum is more 
than one-half its tensile strength. and 
for steel is about one-third, the shear 
stress in a tension member is usually 
not even considered. But when design- 
ing for plywood, the relatively low shear 
strength of the material will often make 
it necessary to design the member to 
resist shear, even though the principal 
stresses are tension or compression. 

Similarly, in rectangular beams the 
maximum unit shearing stress at any 
section is 50 percent greater than the 
average across that section and in beams 
of circular cross-section it is 33 percent 
greater. Here. again, special care must 
be exercised when changing from metal 
to wood to make certain that although 
the tensile stresses are safe, the shear 
stresses will not be exceeded. 

In designing the connections for ply- 
wood members. the joint must be care- 
fully analyzed for shear stresses if a 
bolted or riveted connection is used. 
Shear stresses will be developed in the 
margins and in the sections between the 
bolts and lying in the plane determined 
by the axes of the adjacent bolts. These 
shear stresses may exceed the shear 
strength of the plywood, whereas when 
designing with metal such a condition 
is not encountered because of the high 
shear strength relative to the tensile 
strength. 

Further with reference to bolted con- 
nections between plywood members, the 
high yielding of the material, that is, 
its low elastic modulus and high yield- 
ing under stress, results in a load dis- 
tribution among the bolts or rivets en- 


tirely different from that in the case of 
metal members. This is further ag- 
gravated by the fact that the bearing 
load exerted by the bolt tends to split 
the wood and will split it if there is 
insufficient edge distance. 


Elastic Modulus Factors 


Modulus of elasticity not only deter- 
mines stiffness but also is a factor that 
enters into the load-carrying capacity 
of columns and sheets subjected to com- 
pression. The load-carrying capacity of 
a given slender column varies with the 
modulus of elasticity of the material it 
is made. 

When compression members consist 
of formed thin sheets, load-carrying 
capacity is usually determined by failure 
resulting from local buckling rather 
than by failure as a column. Here, again. 
the elastic modulus is a determining 
factor, but the yield strength of the 
material is involved also. Whether local 
buckling occurs in a wide flat section 
or in an unsupported edge, the resist- 
ance of the column or compression 
member to local buckling will vary with 
the elastic modulus of the material and 
the yield strength of the material. Limit- 
ing values of b/t, the ratio of allowable 
flat width or height of unsupported 
flange to the sheet thickness of alloy 
steels, aluminum alloys and magnesium 
alloys, are comparable and each mate- 
rial falls within a narrow range, from a 
minimum of 8 to 13.5 maximum. 


Stiffness Factors 


The need for stiffness in thin web 
sections and monocoque shells has made 
materials of lower density attractive to 
designers because small increases in 
thickness give large increases in stiff- 
ness of the web or shell. However, more 
exhaustive analysis of stresses in steel 
members has enabled steel construction 
of low weight also. 

In most constructions EJ, the product 
of modulus of elasticity times moment 
of inertia, is the measure of the stiffness 
of the structure. Therefore, when chang- 
ing from one material to another, the 
cross-sectional dimensions of the mem- 
bers must be changed to give a new 
value of J inversely proportional to the 
values of E of the respective materials 
if equal stiffness is to be retained. 

If in the redesign of a rectangular 
beam the depth cannot be changed, the 
change in 7 can be obtained only 
through the thickness. For equal stiff- 
ness the thickness will be inversely pro- 
portional to the elastic modulus of the 
material. Thus, in changing from steel 
to aluminum, the elastic modulus of 
which is approximately 2.8 times that 
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of steel, the thickness and hence the 
cross section of the beam would be 
increased 2.8 times. The aluminum beam 
would, therefore, be practically the same 
weight as the steel beam. 

However if the cross-section of the 
beam were increased proportionately in 
all dimensions, because the moment of 
inertia is proportional to the fourth 
power of the dimensions of similar 
cross-sections, the dimensional change 
would be in inverse proportion to the 
fourth root of the ratio of the elastic 
moduli. In changing from steel to alumi- 
num this factor is the fourth root of 2.8 
or 1.29. In this instance the aluminum 
beam would weigh slightly less than 
one-half the weight of the steel beam. 

In view of the many possible ways of 
changing the / of a section it is obvious 
that the weight of the resulting struc- 
ture will depend largely on the in- 
genuity exercised by the designer. 
There are also factors such as local 
stiffness or buckling strength, joint 
effects and others to be considered. 

In sheet constructions subjected to 
compressive stresses parallel to the sur- 
face, such as webs in compression, for a 
given construction the strength of the 
structure is roughly proportional to the 
cube of the skin thickness. This will 
vary considerably for different arrange- 
ments of stiffeners and therefore each 
construction must be analyzed in detail. 
For example, in monocoque shells with 
longitudinal stringers, the strength of 
the structure against bending moments 
will diverge from exact proportion to 
the cube of the sheet thickness because 
a considerable portion of the load is 
carried by the stiffeners. 

The desirability of using plywoods in 


place of metal in shell type structures 
is based upon the ability to minimize 
interior reinforcements by virtue of the 
increased stiffness of the thicker ply- 
wood shell. Along this same line, a 
wing-span made of mahogany base 
Duramold (specific gravity 0.54) may 
have a skin 0.208 in. thick. For the same 
weight an aluminum skin would be 0.04 
in. thick. The effective longitudinal 
modulus of elasticity of the Duramold 
skin, having 70 percent of veneers with 
grain in the direction of load is 1.- 
000.000. The stiffness factor, E/, of 
such a panel is then 1,000,000 times 
0.208°/12, which equals 744. This is 
13.9 times as stiff as aluminum alloy 
skin of the same weight. An all birch 
plywood of 0.76 specific gravity could 
be 0.147 in. thick. Its stiffness factor, 
based upon E, equal to 1,350,000, 
would be only 310, which is only 5.8 
times that of aluminum. 

Lack of stiffness in thin gages of steel 
require close stiffener spacing, rolling 
beads into flat sheets to increase local 
stiffness, or other provisions to prevent 
buckling. In a certain airplane wing 
design the leading edge is formed with 
a combination of 0.005 in. thick cor- 
rugated stainless steel sheet spot welded 
to a flat 0.005 in. skin using is in. deep 
corrugations with a % in. pitch. The 
net result is reported to compare favor- 
ably with aluminum alloy design. 


Connections 


There are three common methods of 
making connections—riveting and weld- 
ing for metals, and gluing for plywoods 
and plastics. Spot welding has much to 
recommend it and is preferred when it 


is possible to use it. When the materia] 
selected makes riveting necessary there 
is some sacrifice in tensile strength 
because of rivet holes. Much could be 
said for each of these methods as they 
affect structural design, as well as for 
the lack of bearing strength of plywood 
which must be considered in making 
bolted connections with metal or in re. 
movable wood to wood connections 
where use of bolts is necessary. 

These are but a few of the considera- 
tions which must be dealt with in de. 
signing light-weight structures in any 
material. There is not space to cover 
other important factors such as fatigue 
strength, which is of course important 
to the long life of a structure. Corrosion 
resistance is of great value in using 
stainless steel but means have been 
found to minimize corrosion or weather- 
ing of other materials. Comparisons 
could be made for machinability, work- 
ability, impact strength, hardness, 
yield points and other properties that 
affect design. 

From this brief discussion of a few 
of the factors affecting the design of 
structures it appears that the material 
of the future for light-weight construc- 
tion may well depend upon where the 
most effort and ingenuity are applied. 
Differences in various properties of 
available materials are shown here to 
be no hindrance in the development of 
successful designs in comparable serv- 
ice and the farther these considerations 
go in inter-relating the properties of 
each material the more evident the con- 
clusion becomes. However, new ma- 
terials of high strength-weight ratio will 
still be sought and experiments with 
composite materials continued. 


Table I—Physical Properties of Structural Materials 
































Tensile Modulus Shear Yield 
Strength of Strength Hardness Point Weight Compression 
Material Ib. per Elasticity lb. per Brinell Ib. per lb. per Max. Crushing 
sq. in. xl0—® sq. in. sq. in. cu. in. Strength 
Aluminum Alloys............ 16,000 10 11,000 26 7,000 0.1 
70,000 10,000 130 60,000 
Steel — Low Alloy........... 75,000 28 150 50,000 0.283 
; 150,000 29 288 128,000 
DOG? — TOS. onc ce cee ee ce 75,000 135 30,000 0.285 
185,000 26 460 140 ,000 Perpen- 
Magnesium Alloys........... 33,000 6.5 18,000 43 12,000 0.065 Parallel dicular 
46,000 22,000 82 38,000 to Grain | to Grain 
Wood — Bareh.............. 15,000 ite 1,300* 9,500 0.026 7,300 1,590 
2.19" 
Plywood — Birch............ 27,700 3.4 0.044 \ 23 , 000 
29.700 0.046 | 
Wood — Mahogany.......... 10.800 1.27* 860* 7,900 0.020° 5,700 1,400 
11,600 1.32* 980* 8,800 0.030 6,500 1,760 
Wood — Spruce............. 9,400 1.30* 750* 6,200 0.019 5,000 840 
1.36* , 








* Figures apply parallel to the grain. Perpendicular to the grain the modulus of elasticity for birch is 97,450; mahogany, 72,000 
to 104,000; and for spruce 48,000. Modulus perpendicular to grain is usually taken as one-twentieth of modulus parallel to grain. 


_ t Yield point in compression for metals usually taken as the same as in tension. 
engineering department is 35,000 to 170,000. 


For 18-8 stainless steel the range used in one 
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Sheaves for Wire Rope 


F. L. SPANGLER 


For most installations with wire rope, 
gray cast iron sheaves should be 
avoided and a harder metal used. One 
of the results of using sheaves of too 
soft a material is that the wire rope 
leaves its imprint in the sheave groove. 
Such a condition wears the sheave ex- 
cessively and tends to shorten the life 
of the rope. Also, when a new rope is 
installed it is most unlikely that the 
strands of the new rope will fall in the 
old “tracks,” or match the old corruga- 
tions, thereby leading to further wear 
of the sheave and developing a severe 
filing action on the rope. Under such a 
condition the new rope starts its service 
life under a handicap. 

Some hold to the theory that soft 
sheaves will save rope by taking the 
abrasion themselves instead of abrazing 
the rope. Experience does not bear this 
out. Hard sheaves generally maintain 
a smooth tread surface; soft sheaves do 
not but are inclined to roughen and act 
as a file against the crown wires of the 
rope. 

The roughening of sheave treads is 
further heightened by the tendency of 
some ropes to “barb,” which is nothing 
more than a projecting of jagged 
broken wire ends from the body of the 
rope. If the sheave is soft, these wire 
ends dig into it. This trouble may be 


Safe Unit Bearing Pressures of 
Ropes on Sheaves of Various 








Materials 
Flat- 
Reg- | Lay tened 
Material ular | Ropes] Strand 
Ropes 
6x37 
6x19 | 8x19 
Gray Cast Iron | 500 600 800 
Carbon Steel 
Casting 900 1075 1450 
Manganese Steel} 250 | 3000| .... 














For Lang Lay Ropes, the values given for 


regular lay ropes may be increased 15 
percent. 
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avoided by using preformed rope since 
this rope does not tend to form jaggers 
but retains its smoothness of surface 
even though breaks in the crown wires 
may be present. 

It is a simple matter to determine 
how hard the material of the sheave 
tread must be to withstand the pressure 
of the rope. In the usual case. where 
the rope at all times contacts half the 
periphery of the sheave, the formula is: 


2L 


y = 
D.d 


where P is the maximum unit bearing 
pressure in pounds per square inch of 
the rope against the groove tread, L 
the rope tension in pounds, D the di- 
ameter of the rope in inches, and d the 
tread diameter of the sheave in inches. 

For 6x19 regular lay wire rope of 
filler wire construction, which is a com- 
mon rope for industrial applications, 
the minimum recommended value of 
d/D is 26. Substituting this value in 
the above formula, we have 


Pe 
13 D? 

If the rope is of plow steel grade, 
and a factor of safety of 6 is used, the 
value of L/D* becomes 13,300 for }-in. 
rope, 12,500 for 4-in. rope, and 12,000 
for l-in. rope. Taking a value of 
12,500 as being fairly typical, and sub- 
stituting this in the equation, we have 

P = 961 |b. per sq.in. 

From the table of safe unit bearing 
pressures, this figure is found to be far 
greater than maximum bearing pres- 
sures recommended for gray cast iron. 
It is somewhat near that for cast steel 
and much below the safe bearing pres- 
sure for managanese steel. Therefore, 
under the conditions given, (fairly 
representative of those found in indus- 
try), the cast-iron sheave is plainly too 
soft, the cast-steel sheave will generally 
stand up satisfactorily under the rope 
pressure, and the manganese-steel 
sheave will stand bearing pressures that 
are several times higher. 

If gray cast-iron sheaves are to give 
satisfactory service, the value of P must 
be considerably reduced by either in- 


Question and Comment 


creasing the size of the sheave-or re- 
ducing the load on the rope. 

Many different types of rope-operated 
equipment are today being supplied 
with sheaves made of heat-tested cast 
alloy steel containing manganese, 
molybdenum or other alloying elements. 
A hardness of around 350 Brinell is not 
uncommon with these _alloy-steel 
sheaves. These sheaves stand up satis- 
factorily under almost all kinds of serv- 
ice. Where alloy-steel sheaves must be 
replaced, sheaves of at least as hard and 
tough material should be used for re- 
placement. 

The argument has been advanced that 
steel against steel] should be avoided, 
and since the rope is steel the sheave 
therefore should be some other kind of 
metal, such as cast iron or semi-steel. 
This argument is not supported either 
by theory or practice. There is no 
reason why the use of steel against steel 
is more harmful than cast iron against 
steel. As already pointed out, practice 
provides ample proof to the contrary. 

Unless they are made of hard, tough 
metal, sheaves and drums on the hoist 
lines of magnet cranes are particularly 
apt to show the imprint of the rope 
since the lines are continually subject 
to the magnet load while in use. Cer- 
tain other applications, such as the dig- 
ging lines of power shovels, also sub- 
ject the sheaves to very heavy rope pres- 
sure, 

It is important to remember that one 
can’t save rope by destroying sheaves. 
The use of harder metal to prolong 
sheave life actually results in increasing 
the life of the rope. 


Oil Situation in Germany 
To the Editor: 


Your columns have contained con- 
siderable information from time to time 
concerning the German oil situation and 
the possibility that the German war 
machine may be stopped ultimately by 
lack of fuel. I think there are some 
interesting points which you may have 
overlooked that have a bearing on the 
subject. 

There are two factors which make it 
much less likely that Hitler will be 
stopped by lack of engine fuel than is 
popularly believed. The first is the de- 
velopment in Germany of synthetic oil 
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and substitutes, which are vital in that 
country because of limited oil supplies 
but which, of course, are not considered 
in any discussion of engine fuels in the 
United States because of our great re- 
serves. The second is the remarkable 
development of the diesel engine in that 
country. 

On my last visit to Germany, I had 
the opportunity, because of my connec- 
tion with The Cooper-Bessemer Corpo- 
ration, to investigate the production of 
diesel engines and the manufacture of 
fuels. Thousands of diesel engines were 
being constructed in Germany even then 
—for installation in tanks, trucks, trac- 
tors, trains and airplanes. In Germany. 
the diesel aircraft engine, as you per- 
haps know, is a reality and thousands 
of Hitler’s planes are thus powered. 
This application of the diesel engine 
principle to the German war machine 
has resulted in a tremendous saving of 
fuel—and has upset the calculations of 
many “experts.” 

As you know, the work done by a 
diesel engine per gallon of fuel, whether 
it is to propel an airplane, pull a train, 
or dig a ditch, is about one and one-half 
to two times as much as that done by 
an automobile engine. In addition, the 
fuel is much cheaper. 

But the above facts are rather widely 
known. The development of synthetics 
and substitutes in the Axis countries is 
the factor which really upsets the cal- 
culations of those who believe that the 
answer to the entire problem is merely 
a matter of adding up the total produc- 
tions of the various oil fields under Nazi 
domination and then dividing the result 
by a figure representing the fuel con- 
sumption of the German military or- 
ganization per day. 

By the beginning of 1939, a tax of 51 
cents a gallon had been imposed in 
Italy on gasoline and a 36 cent tax in 
Germany. The reason? To encourage 
the development of synthetic and sub- 
stitute fuels. There also were direct sub- 
sidies. At that time, about one quarter 
of all motor vehicle transportation in 
the Axis countries was accomplished 
with synthetic or substitute fuels. 

Gasoline made from coal gases was 
widely used. Alcohol made from vege- 
tables was blended with straight gaso- 
line. There were experiments with am- 
monia and acetylene. Some 25,000 ve- 
hicles in Europe used compressed gases 
as fuel. The German motorist, who had 
to pay 60 cents for a gallon for gaso- 
line, could use city gas at a price equiv- 
alent to 43 cents a gallon. Forty-one 
cents worth of methane also took him 
as far as a gallon of gasoline. Propane- 
butane fuel was more expensive—equiv- 
alent to 61 cents a gallon—but one tank 
full took the motorist some 225 miles. 

Other substitutes for gasoline and oil 


934 


are oil made by hydrogenation, pul- 
verized coal suspended in oil and oil 
“cooked” from corn, wood, algae, sea- 
weed, leaves and similar substances in 
combination with limestone. 

It is logical to assume that the rapid 
growth of synthetics and substitutes in 
Germany has been accelerated by the 
war. Although facts are hard to obtain 
since the war began, on either the diesel 
engine development in Germany or the 
synthesis of fuel, it appears to me that 
enough is known for those who predict 
an early defeat for Hitler on the basis 
of fuel exhaustion to be more cautious. 

—B. B. WiLtiaMs 


The Cooper-Bessemer Corporation 


Error in Copper Alloy 
Specification Table 


To the Editor: 


I should like to call to your attention 
that the percentage of copper in “High 
Conductivity Oxygen Free Copper,” 
which is shown on p. 424, July, Prop- 
uct ENGINEERING, as “99.4% minimum,” 
should read 99.94% minimum. 

—E. S. Bunn 
Assistant Director of Research 
Revere Copper and Brass Incorporated 


S.A.E. Spring Committee 
Claims Our Steels Superior 


To the Editor: 


At a meeting of the S.A.E. War Engi- 
neering Board Spring Committee held 
in Detroit on July 15th, attention was 
called to an article in Propuct ENer- 
NEERING of July, 1942 entitled “Spring 
Steel” written by H. Carlson, chief Engi- 
neer of Lee Spring Company which 
opens with the following paragraphs: 
“Selection of domestic steels, as a mate- 
rial for springs, to replace Swedish 
steels of equivalent wire sizes should 
be based on lower tensile strength and 
shorter fatigue life, since Swedish steels 
are more uniform in quality and can be 
more highly stressed. Silicon-chromium 
spring steel alloy, however, has much 
promise as an alternate. Tests indicate 
that this alloy will surpass any existing 
material for springs subjected to high 
stresses. This alloy steel can be heat- 
treated to higher Rockwells and higher 
tensile strength can be developed than 
with any other spring steel analysis. 

“Tensile strengths of American steels 
are about 10 percent lower than for 
Swedish steels, especially in the range 
of wire sizes under is in. dia. The 
fatigue life of American steels, assum- 
ing no flaws, is 20 per cent less than 
that of Swedish steel.” 

Special exception is taken to the state- 


ment contained in the second portion of 
this opening and it is felt that this in- 
formation is entirely contrary to the 
facts and it is the concensus of opinion 
of this committee that such figures 
should be carefully checked before they 
are published. We have no doubt that 
an investigation among reputable pro- 
ducers of wire of American steels will 
confirm our convictions that wire sizes 
under is in. dia. are being produced 
of American stock to higher tensile 
strength and to a quality at least equal 
to that of any Swedish steel received in 
this country before the war. As to 
fatigue life, numerous tests on various 
sizes of wire made by various mills and 
by various spring manufacturers as well 
as motor manufacturers, have confirmed 
the fact that production of valve spring 
wire made from American steels is at 
least equal in all respects and in some 
cases better than the Swedish material 
previously used. 

In view of this. this committee re- 
spectfully asks that you publish a cor- 
rection of this misinformation. 

—ToreE FRANZEN, Chairman 
S.A.E. War Engineering 
Board Spring Committee 


Editor's Note—It would be impossible 
for the editors of Propuct ENGINEERING 
or, we believe, any other magazine like 
it, to check thoroughly all figures in all 
articles. Our contributors are men of 
authority in the field of their contribv- 
tions and we naturally assume their 
data to be correct. 

With reference to Mr. Carlson’s arti- 
cle and his statements concerning the 
relative qualities of Swedish and Amer- 
ican spring steels, we will publish his 
reply to the above criticisms in the 
next number. 


Beryllium Copper Meets 
Needs for Cord Contacts 


To the Editor: 


I was just looking over the August 
issue of Propuct ENGINEERING and ran 
across E. O. Morton’s interesting article 
on contacts for cord sets, page 454. 
Didn’t Mr. Morton ever hear of beryl- 
lium copper? Near the bottom of the 
last column on page 455 he lists the 
three qualities required and beryllium 
copper is the one material meeting these 
three requirements. 

In the note under his table on page 
457, he lists the fourth important Tre 
quirement, high strength, which of 
course would alone make beryllium cop- 
per outstanding. 

Frankly, I think Mr. Morton’s article, 
or any other article on this subject, 
any investigation of this character would 
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be out of date if beryllium copper were 
not mentioned. —R. W. Carson 
Instrument Specialties Company 


Editors Note—We feel sure that most 
engineers will agree with Mr. Carson’s 
contention, but in justice to Mr. Morton 
we wish to point out he was considering 
only the materials most readily avail- 
able. which was why beryllium copper 
was not mentioned. 


Correction On Depth 
Of Tapped Blind Holes 


To the Editor: 


I have a correction to make in the 
equation which appeared in the next to 
the last paragraph of my article on 
“Depth of Tapped Blind Holes” in your 
August issue. The equation is presented 
on page 466. The first term should be 
T min.. NOt E ,,in.. SO as to read 


5 re = 1/2 D 


—ArtTHUR H. Korn 


Universal Joints 
To the Editor: 


We have received a letter from an 
engineer connected with an observatory 
inthe West, relative to universal joints, 
aid also permission to publish his let- 
tr and my answer. He writes 

“It happens that we have a problem 
practically identical with that illus- 
trated in Fig. 4 of your article on Uni- 
versal Joints in the June, 1942, number 
of Propuct ENGINEERING. In our prob- 
lem the shafts move slowly and transmit 
but a small amount of power, but it is 
necessary that the driven shaft rotate 
precisely in phase with the driving 
shaft. 

“Actual tests of an apparatus con- 
structed in our shop have shown a 
periodicity. May the reason for this be 
hat, although the displacement curves 
atthe two angles are out of phase by 
deg. and thus approximately com- 
pensate each other, they do not do so 
vith real mathematical accuracy be- 
cause they are not sine curves but are 
asymmetrical ? 

“We would appreciate your opinion 
m this result, and also would like to 
ask whether you know any possible way 
ft making this compensation perfect 
vith two universal joints, or of accom- 
plishin g the result in any other way. 
We have thought of the use of a sylphon 
metallic bellows.” 

My reply was 
“ 

We have been bothered with the 
‘me apprehension that perhaps two 

ookes couplings did not give exactly 
‘mchronous motion. However, it can 
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be proven that if a pair of Hookes 
couplings are arranged so (1) that all 
three shafts lie in the same plane, (2) 
that the angle between the input shaft 
and the intermediate shaft is equal to 
the angle between the intermediate 
shaft and the output shaft, and (3) that 
the yokes on the intermediate shaft lie 
in the same plane, then the output shaft 
will follow exactly the phase of the 
input shaft. 

“Tt is true that the curves are asym- 
metrical, but it is not true that they are 
displaced 90 deg. except at four points 
in the cycle. Thus the curves cannot be 
combined unless plotted on a common 
basis such as time. When 6 equals zero 
then ¢ equals 90 deg. but when @ equals 
30 deg. then ¢ does not equal 120 deg. 
but something less. 

“In the formula tan ¢ = tan 6 cos B 
replace g, an angle of rotation, with 
g,, an angle of position, which will be 
measured from the same point as 6. 
The formula then becomes 

— cot ¢, = tan 6, cos B 
Now let @, be the angular position of 
the output shaft and consider the in- 
termediate shaft as the driver, then 

— cot 6, = tan ¢ cos B 
cos B ” 
— tan @cosB 
A, = 0 


— cot , = — cot 6 


“Another way to consider this prob- 
lem is to assume the input and output 
shafts to rotate an equal amount, it 
then becomes obvious that the interme- 
diate yokes of each joint will be caused 
to rotate an equal amount. 

“In regard to the sylphon bellows, 
it is my experience that they will not 
follow each other with any degree 
of accuracy. In fact, very large move- 
ments can be made on one _ bellows 
without the other one moving at all. 
This is because the bellows can change 
capacity by change in shape of the 
convolutions without any movement of 
the head. 

“Tf you will build a pair of accurate 
universal joints filling the above re- 


quirements and see that there is no 
freedom in the joints, I am sure you 
will get very faithful duplication of 
motion. It is understood, however, that 
the yokes and the cross arms them- 
selves must be accurate to obtain these 
results.” —L. D. HacenBook 

Goodman Manufacturing Company 


Government Pamphlet 
On Allowable Costs 
To the Editor: 


I wish to call the attention of the 
readers of Propuct ENGINEERING to a 
new government pamphlet entitled “Ex- 
planation of Principles for Determina- 
tion of Cost Under Government Con- 
tracts.” 

Every company dealing directly or 
indirectly with the Army, Navy, or 
Procurement Division of the Treasury 
Department, as contractor or sub-con- 
tractor. should procure a copy of this 
pamphlet. It can be obtained from 
the Superintendent of Documents, 
Washington, D. C., for ten cents. 


—H. E. W. 
Washington, D. C. 


Mathematical Correction 
For Gear Tooth Errors 


To the Editor: 

We have read with interest Charles 
G. Pfeffer’s article “Gear Tooth Pro- 
files” in the June number of Propuct 
ENGINEERING. On page 329 we note his 
comments on the disadvantage of 
crown form modifications and _ his 
statement “that the pitch, form and 
pressure angle at the ends will change 
from the true and correct form.” 
This is correct but we wish to call 
attention to the fact that the necessary 
correction to compensate for this 
change can be worked out mathemat- 
ically and applied when Michigan Tool 
Company’s rack or underpass method 
is used. —Sam TRIMBATH 

Gear Consultant, Fuller Mfg. Co. 


Can You Work This One? 


H. E. SMITH 


This month’s problem— 


Chestnuts and Peanuts 


Nine small boys found a chestnut 
tree and divided the nuts evenly among 
them. They met three big boys who 
had divided a bag of peanuts three 
ways. Each of the small boys gave to 
each of the big boys and each of the 
big boys gave to each of the small 
boys so that finally everyone had the 
same number of chestnuts and pea- 


nuts as the other. How many had each 
boy? 


Solution to August problem— 


Passing Trains 


On your week’s trip from New York 
to San Francisco you would meet 15 
trains, one coming in the station as 
you leave New York and two each 
day of your trip. Last train would be 
leaving San Francisco as you arrive. 
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and substitutes, which are vital in that 
country because of limited oil supplies 
but which, of course, are not considered 
in any discussion of engine fuels in the 
United States because of our great re- 
serves. The second is the remarkable 
development of the diesel engine in that 
country. 

On my last visit to Germany, I had 
the opportunity, because of my connec- 
tion with The Cooper-Bessemer Corpo- 
ration, to investigate the production of 
diesel engines and the manufacture of 
fuels. Thousands of diesel engines were 
being constructed in Germany even then 
—for installation in tanks, trucks, trac- 
tors, trains and airplanes. In Germany, 
the diesel aircraft engine, as you per- 
haps know, is a reality and thousands 
of Hitler’s planes are thus powered. 
This application of the diesel engine 
principle to the German war machine 
has resulted in a tremendous saving of 
fuel—and has upset the calculations of 
many “experts.” 

As you know, the work done by a 
diesel engine per gallon of fuel, whether 
it is to propel an airplane, pull a train, 
or dig a ditch, is about one and one-half 
to two times as much as that done by 
an automobile engine. In addition, the 
fuel is much cheaper. 

But the above facts are rather widely 
known. The development of synthetics 
and substitutes in the Axis countries is 
the factor which really upsets the cal- 
culations of those who believe that the 
answer to the entire problem is merely 
a matter of adding up the total produc- 
tions of the various oil fields under Nazi 
domination and then dividing the result 
by a figure representing the fuel con- 
sumption of the German military or- 
ganization per day. 

By the beginning of 1939, a tax of 51 
cents a gallon had been imposed in 
Italy on gasoline and a 36 cent tax in 
Germany. The reason? To encourage 
the development of synthetic and sub- 
stitute fuels. There also were direct sub- 
sidies. At that time, about one quarter 
of all motor vehicle transportation in 
the Axis countries was accomplished 
with synthetic or substitute fuels. 

Gasoline made from coal gases was 
widely used. Alcohol made from vege- 
tables was blended with straight gaso- 
line. There were experiments with am- 
monia and acetylene. Some 25,000 ve- 
hicles in Europe used compressed gases 
as fuel. The German motorist, who had 
to pay 60 cents for a gallon for gaso- 
line, could use city gas at a price equiv- 
alent to 43 cents a gallon. Forty-one 
cents worth of methane also took him 
as far as a gallon of gasoline. Propane- 
butane fuel was more expensive—equiv- 
alent to 61 cents a gallon—but one tank 
full took the motorist some 225 miles. 

Other substitutes for gasoline and oil 
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are oil made by hydrogenation, pul- 
verized coal suspended in oil and oil 
“cooked” from corn, wood, algae, sea- 
weed, leaves and similar substances in 
combination with limestone. 

It is logical to assume that the rapid 
growth of synthetics and substitutes in 
Germany has been accelerated by the 
war. Although facts are hard to obtain 
since the war began, on either the diesel 
engine development in Germany or the 
synthesis of fuel, it appears to me that 
enough is known for those who predict 
an early defeat for Hitler on the basis 
of fuel exhaustion to be more cautious. 

—B. B. WILLIAMS 


The Cooper-Bessemer Corporation 


Error in Copper Alloy 
Specification Table 


To the Editor: 


I should like to call to your attention 
that the percentage of copper in “High 
Conductivity Oxygen Free Copper,” 
which is shown on p. 424. July, Prop- 
uct ENGINEERING, as “99.4% minimum,” 
should read 99.94% minimum. 

—E. S. Bunn 
Assistant Director of Research 
Revere Copper and Brass Incorporated 


S.A.E. Spring Committee 
Claims Our Steels Superior 


To the Editor: 


At a meeting of the S.A.E. War Engi- 
neering Board Spring Committee held 
in Detroit on July 15th, attention was 
called to an article in Propuct ENcr- 
NEERING of July, 1942 entitled “Spring 
Steel” written by H. Carlson, chief Engi- 
neer of Lee Spring Company which 
opens with the following paragraphs: 
“Selection of domestic steels, as a mate- 
rial for springs. to replace Swedish 
steels of equivalent wire sizes should 
be based on lower tensile strength and 
shorter fatigue life, since Swedish steels 
are more uniform in quality and can be 
more highly stressed. Silicon-chromium 
spring steel alloy, however, has much 
promise as an alternate. Tests indicate 
that this alloy will surpass any existing 
material for springs subjected to high 
stresses. This alloy steel can be heat- 
treated to higher Rockwells and higher 
tensile strength can be developed than 
with any other spring steel analysis. 

“Tensile strengths of American steels 
are about 10 percent lower than for 
Swedish steels, especially in the range 
of wire sizes under xe in. dia. The 
fatigue life of American steels, assum- 
ing no flaws, is 20 per cent less than 
that of Swedish steel.” 

Special exception is taken to the state- 





ment contained in the second portion of 
this opening and it is felt that this in- 
formation is entirely contrary to the 
facts and it is the concensus of opinion 
of this committee that such figures 
should be carefully checked before they 
are published. We have no doubt that 
an investigation among reputable pro- 
ducers of wire of American steels will 
confirm our convictions that wire sizes 
under *s in. dia. are being produced 
of American stock to higher tensile 
strength and to a quality at least equal 
to that of any Swedish steel received in 
this country before the war. As to 
fatigue life, numerous tests on various 
sizes of wire made by various mills and 
by various spring manufacturers as well 
as motor manufacturers, have confirmed 
the fact that production of valve spring 
wire made from American steels is at 
least equal in all respects and in some 
cases better than the Swedish material 
previously used. 

In view of this. this committee re- 
spectfully asks that you publish a cor- 
rection of this misinformation. 

—Tore FrANzEN, Chairman 
S.A.E. War Engineering 
Board Spring Committee 


Editor’s Note—It would be impossible 
for the editors of Propuct ENGINEERING 
or, we believe, any other magazine like 
it, to check thoroughly all figures in all 
articles. Our contributors are men of 
authority in the field of their contribu- 
tions and we naturally assume their 
data to be correct. 

With reference to Mr. Carlson’s arti- 
cle and his statements concerning the 
relative qualities of Swedish and Amer- 
ican spring steels, we will publish his 
reply to the above criticisms in the 
next number. 


Beryllium Copper Meets 
Needs for Cord Contacts 


To the Editor: 


I was just looking over the August 
issue of Propuct ENGINEERING and ran 
across E, O. Morton’s interesting article 
on contacts for cord sets, page 454 
Didn’t Mr. Morton ever hear of beryl: 
lium copper? Near the bottom of the 
last column on page 455 he lists the 
three qualities required and beryllium 
copper is the one material meeting these 
three requirements. 

In the note under his table on page 
457, he lists the fourth important re 
quirement, high strength, which of 
course would alone make beryllium cop- 
per outstanding. 

Frankly, I think Mr. Morton’s article, 
or any other article on this subject, 
any investigation of this character woul 
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be out of date if beryllium copper were 
not mentioned. —R. W. Carson 
Instrument Specialties Company 


Editors Note—We feel sure that most 
engineers will agree with Mr. Carson’s 
contention, but in justice to Mr. Morton 
we wish to point out he was considering 
only the materials most readily avail- 
able. which was why beryllium copper 
was not mentioned. 


Correction On Depth 
Of Tapped Blind Holes 


To the Editor: 


I have a correction to make in the 
equation which appeared in the next to 
the last paragraph of my article on 
“Depth of Tapped Blind Holes” in your 
August issue. The equation is presented 
on page 466. The first term should be 
T min. NOt E jin., SO as to read 


Tmin = 1/2 D 


—ArTHUR H. Korn 


Universal Joints 
To the Editor: 


We have received a letter from an 
engineer connected with an observatory 
in the West, relative to universal joints, 
and also permission to publish his let- 
ter and my answer. He writes 

“It happens that we have a problem 
practically identical with that illus- 
trated in Fig. 4 of your article on Uni- 
versal Joints in the June, 1942, number 
of Propuct ENGINEERING. In our prob- 
lem the shafts move slowly and transmit 
but a small amount of power, but it is 
necessary that the driven shaft rotate 
precisely in phase with the driving 
shaft. 

“Actual tests of an apparatus con- 
structed in our shop have shown a 
periodicity. May the reason for this be 
that, although the displacement curves 
at the two angles are out of phase by 
9 deg. and thus approximately com- 
pensate each other, they do not do so 
with real mathematical accuracy be- 
cause they are not sine curves but are 
asymmetrical ? 

“We would appreciate your opinion 
om this result, and also would like to 
ask whether you know any possible way 
for making this compensation perfect 
with two universal joints, or of accom- 
plishing the result in any other way. 
We have thought of the use of a sylphon 
or metallic bellows.” 

My reply was 

“We have been bothered with the 
same apprehension that perhaps two 
Hookes couplings did not give exactly 
synchronous motion. However, it can 
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be proven that if a pair of Hookes 
couplings are arranged so (1) that all 
three shafts lie in the same plane, (2) 
that the angle between the input shaft 
and the intermediate shaft is equal to 
the angle between the intermediate 
shaft and the output shaft, and (3) that 
the yokes on the intermediate shaft lie 
in the same plane, then the output shaft 
will follow exactly the phase of the 
input shaft. 

“It is true that the curves are asym- 
metrical, but it is not true that they are 
displaced 90 deg. except at four points 
in the cycle. Thus the curves cannot be 
combined unless plotted on a common 
basis such as time. When @ equals zero 
then ¢ equals 90 deg. but when 6 equals 
30 deg. then ¢ does not equal 120 deg. 
but something less. 

“In the formula tan ¢ = tan @ cos B 
replace g, an angle of rotation, with 
é,, an angle of position, which will be 
measured from the same point as @. 
The formula then becomes 


— cot ¢, = tan 6, cos B 
Now let 6, be the angular position of 
the output shaft and consider the in- 
termediate shaft as the driver, then 
— cot 6; = tan ¢; cos B 
cos B - 
— tan @cosB 
0, = 0 


— cot 0; 


— cot 6 


“Another way to consider this prob- 
lem is to assume the input and output 
shafts to rotate an equal amount, it 
then becomes obvious that the interme- 
diate yokes of each joint will be caused 
to rotate an equal amount. 

“In regard to the sylphon bellows, 
it is my experience that they will not 
follow each other with any degree 
of accuracy. In fact, very large move- 
ments can be made on one bellows 
without the other one moving at all. 
This is because the bellows can change 
capacity by change in shape of the 
convolutions without any movement of 
the head. 

“If you will build a pair of accurate 
universal joints filling the above re- 


quirements and see that there is no 
freedom in the joints, I am sure you 
will get very faithful duplication of 
motion. It is understood, however, that 
the yokes and the cross arms them- 
selves must be accurate to obtain these 
results.” —L. D. HacenBoox 

Goodman Manufacturing Company 


Government Pamphlet 
On Allowable Costs 


To the Editor: 

I wish to call the attention of the 
readers of Propuct ENGINEERING to a 
new government pamphlet entitled “Ex- 
planation of Principles for Determina- 
tion of Cost Under Government Con- 
tracts.” 

Every company dealing directly or 
indirectly with the Army, Navy, or 
Procurement Division of the Treasury 
Department, as contractor or sub-con- 
tractor, should procure a copy of this 
pamphlet. It can be obtained from 
the Superintendent of Documents, 
Washington, D. C., for ten cents. 

—H. E. W. 
Washington, D. C. 


Mathematical Correction 
For Gear Tooth Errors 
To the Editor: 


We have read with interest Charles 
G. Pfeffer’s article “Gear Tooth Pro- 
files” in the June number of Propuct 
ENGINEERING. On page 329 we note his 
comments on the disadvantage of 
crown form modifications and _ his 
statement “that the pitch, form and 
pressure angle at the ends will change 
from the true and correct form.” 
This is correct but we wish to call 
attention to the fact that the necessary 
correction to compensate for this 
change can be worked out mathemat- 
ically and applied when Michigan Tool 
Company’s rack or underpass method 
is used. —Sam TRIMBATH 

Gear Consultant, Fuller Mfg. Co. 


Can You Work This One? 


H. E. SMITH 


This month’s problem— 


Chestnuts and Peanuts 


Nine small boys found a chestnut 
tree and divided the nuts evenly among 
them. They met three big boys who 
had divided a bag of peanuts three 
ways. Each of the small boys gave to 
each of the big boys and each of the 
big boys gave to each of the small 
boys so that finally everyone had the 
same number of chestnuts and pea- 


nuts as the other. How many had each 
boy? 


Solution to August problem— 


Passing Trains 


On your week’s trip from New York 
to San Francisco you would meet 15 
trains, one coming in the station as 
you leave New York and two each 
day of your trip. Last train would be 
leaving San Francisco as you arrive. 
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Bill Gives President War-Time Power to Confiscate Patents 


DuRING THE PAST SEVERAL DECADES, a 
number of bills aiming to abridge or 
nullify the protections enjoyed by in- 
ventors under the patent laws have 
come before Congress. In each instance 
they failed to pass. On the other hand, 
a number of basic changes in the patent 
laws, which were passed in recent years, 
have virtually eliminated some of the 
genuine abuses of the privileges granted 
by the patent system. Now, however, at 
a time when industry and engineering 
are concentrating their thoughts and 
energies on winning the war, some of 
our politicians have seen fit to make 
another attempt virtually to nullify pat- 
ent protection. In fact, the two bills 
(S.2491 and S.2303) now under consid- 
eration would go even farther, giving 
to the President of the United States 
in time of war or national emergency 
and to the Patent Commissioner in times 
of peace, a dictatorial power over life 
and death of patents. Some of the terms 
and conditions proposed for incorpora- 
tion in patent grants include: 


1. Bill S.2491. If the Commissioner 
of Patents deems that the operation of 
the patent grant “has resulted or is 
likely to result in a violation of the 
antitrust laws or is otherwise detri- 
mental to the public interest, then the 
Commissioner (of Patents) may order 
the patentee to make the invention or 
discovery available to the public under 
such reasonable terms and conditions 
(as determined by the Commissioner of 
Patents) as he may prescribe.” 

2. Any interested person may at any 
time present a complaint to the Com- 
missioner of Patents alleging failure or 
refusal of the patentee to meet some of 
the terms set forth above. The patentee 
will then be required to defend himself 
against this complaint. If his defense 
is unsuccessful, the Commissioner of 
Patents can then prescribe the terms 
and conditions under which the inven- 
tion or discovery will be made available 
to the public and the Commissioner of 
Patents will determine what the just 
and reasonable compensation to the 
patentee might be. 

3. The bill also requires that every 
sale, assignment, or other conveyance 
of any patent that has been or will be 
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issued and that all agreements of any 
kind between the licensee and owner of 
the patent shall be in writing and must 


be filed with the Federal Trade Com- 


mission. 


Bill. S.2303. The President of the 
United States is granted, in war time 
the authority to license any person un- 
der any patent or patents to manufac- 
ture, use or sell upon such terms and 
for such period of time as the President 
may prescribe—the President to estab- 
lish a reasonable royalty to be paid 
to the owner or owners of the patent, it 
being left entirely to the discretion of 
the President as to what a reasonable 
royalty might be. 

As expressed by Colonel H. A. Toul- 
min of Dayton, Ohio, “The situation as 
to the patent laws is extremely serious.” 

The danger is all the greater in that 
the war conditions might diveri the at- 
tention from this attack on our patent 
system. In the October number of 
Propuct ENGINEERING, the provisions 
incorporated in the proposed patent 
changes will be set forth in detail and 
analyzed, together with the opinions 
and arguments of congressmen, patent 
attorneys and industrialists. Herewith 
are two unsolicited letters received by 
Propuct ENGINEERING concerning the 
proposed patent law changes. 


To the Editor: 


Have you been following the hear- 
ings on the Senate bills now being con- 
sidered by Senator Bone’s committee? 

You'll find them _ interesting — dis- 
turbingly so. Under the guise of war 
duress, a new concept of patents, both 
revolutionary and destructive, is being 
urged upon the country in a ruthless 
manner. Calm, dispassionate inquiry 
has given way to trial by newspaper 
headlines. 

Designers and engineers look to your 
magazine for leadership. You are one of 
the molders of public opinion in that 
field. Your readers at the moment are 
up to their ears in the business of win- 


ning a war and are probably not fully , 


aware of the implications of the pend- 
ing legislation. They need to be stirred 
and aroused to action. 

Frankly, we’re vitally interested be- 





cause we are a small concern that 
believes Research contributes toward a 
better way of living. And we also be. 
lieve the fruits of our labors are entitled 
to protection. There must be many 
more like us in other branches of in. 
dustry that need to be aroused and 
united. Won’t you let me know how 
you think your readers can be awakened 
to the implications of these bills? 
Rosert J. Gray 
Dewey and Almy Chemical Company 


Herewith is a copy of a letter sent by 
W. F. Rockwell, president, The Timken- 
Detroit Axle Company, to the Senate 
Committee on Patents: 


Office of President 
Senate Committee on Patents 
Washington, D. C. 


Attention: Senator Homer T. Bone 
Gentlemen: 


We understand that your Committee 
has been holding hearings on Bills 
S.2491 and S.2303 since early in April, 
and has been hearing testimony largely 
on alleged defects of the present patent 
system from witnesses produced by the 
Department of Justice. 

Some of this testimony as reported in 
the press has been given by individuals, 
including high government officials, who 
seem to have little or no knowledge of 
the present law, and no practical ex- 
perience at all with the development of 
new products, or the practical operation 
of patents in our business life. I would 
therefore like to have this letter in- 
cluded in the record of these hearings 
so that it will be available for mature 
consideration by congress when these 
bills come up for action. 

I feel certain from my intimate per- 
sonal experience with patents for the 
past twenty years that the compulsory 
licensing provisions of Bill $.2491, will 
do considerably more harm than good, 
particularly to small manufacturers and 
individuals who cannot compete with 
large manufacturers set up for mass 
production, unless assured of the full 
protection that the present law pur 
ports to give on new devices. 

Under a compulsory licensing system, 
organizations lacking in the ability and 
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velopment of a new product and its 
perfection to the point where it can be 
profitably sold, and then infringe and 
at the same time apply for a license! 
Without undertaking any risks or ex- 
pense incident to development work, 
and with the market developed, a well 
equipped copier could and would under 
such circumstances drive smaller ener- 
getic organizations out of business on 
any worthwhile development. The result 
will, I feel sure, almost certainly be to 
discourage development through plac- 
ing a premium on letting others take 
the heavy development risks in bringing 
out any new product. 

The proposed restrictions of the na- 
ture of licenses granted will also in my 
opinion be harmful to development of 
new products as a whole. Many inven- 
tions developed for application in one 
field of endeavor are useful in totally 
different fields. A manufacturer in many 
cases cannot grant licenses that permit 
direct competition in his own field with- 
out disastrous consequences to his own 
business, yet he can freely grant li- 
censes of considerable value in other 
fields. Typical cases are the develop- 
ment of an improvement for truck axles 
or brakes that may be very useful in 
pleasure cars, or improvements in 
household oil burners that are useful in 
industrial burners. In each case a right 
to manufacture in one field would in- 
volve no competition in the other. 

Proper price controls and geographic 
limitations imposed through patent li- 
cense also serve very useful protective 
purposes from the viewpoint of an ener- 
getic organization, and in encouraging 
the spreading of development. Labor 
policies, shipping costs and manufac- 
turing costs vary widely in different 
localities, and an employer in an area 
like Detroit with fair labor policies 
could not afford to try to compete with 
a licensee at a fair royalty set up in 
business in an area like eastern or cen- 
tral Pennsylvania for East Coast busi- 
hess, without safeguarding license pro- 
Visions permitted under the present law. 

The provision that a manufacturer 
must be sued before a seller also would 
give large chain organizations buying 
from small manufacturers advantages 
unfair to patentees for obvious reasons. 
And it would permit a distant manu- 
facturer to invade the well developed 
home markets of the manufacturer who 
built and developed the business, forc- 

ing the owner of the patent to the ex- 

Pense of maintaining remote suits to 

enforce his rights. Litigation costs at 

home are a severe burden now, and if 
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the cost of remote suits is forced on 
small patent owners, many of them will 
not be able to stand litigation costs. 

I can see no purpose in recording 
assignments, licenses, etc., with the Fed- 
eral Trade Commission except to create 
more bureaucratic red tape and inter- 
ference with legtimate small business 
and inventors. It frequently is neces- 
sary to give special terms to secure a 
first licensee in a field and there is no 
more reason to broadcast income taxes 
or other intimate business information. 
Large businesses can take care of them- 
selves without such advantages over 
their smaller competitors. The Patent 
Office in any event should be the 
recorder of patent assignments and 
agreements. We have too much confu- 
sion now in our government affairs 
without mixing the Federal Trade Com- 
mission into patent records. 

The Courts have ample powers under 
the present law and have done an ex- 
cellent job of preventing abuses under 
patent agreements. And one thing the 
theorists who draft our laws overlook 
completely is that no business relying 
upon patents can possibly be successful 
no matter what the agreements are un- 
less the public is given real value for 
its money and wants the product. 

The Bill S.2303, I feel, is equally 
harmful and unnecessary. Ever since 
1910 the Government has had the right 
to use all patented inventions, and the 
remedy of the owner has been to seek 
reasonable compensation in the Court 
of Claims if he cannot reach an agree- 
ment with the Government. This being 
the case, the sole purpose of any change 
in this present law can only be to de- 
prive patent owners of a right to fair 
compensation. It seems significant that 
the President’s power to grant licenses 
under this law is not limited to the 
War emergency, and the right to re- 
cover damages accorded under the 
present law is taken away. What useful 
purpose can there be in giving such 
powers to the President and why should 
the President be able to take patents, 
applications, inventions and _ licenses 
without compensation to the owners 
who must by the terms of the proposed 
law then sue in the Court of Claims 
with all defenses reserved to the Gov- 
ernment? Is the sole purpose of this 
proposed change to give the President 
power to force an owner of a patented 
invention developed by him out of busi- 
ness by taking his patent and then su- 
ing him as an infringer. while he must 
sue in the Court of Claims for com- 
pensation only? The present law gives 
the Government the right to use all 
patented inventions. I can see no other 
purpose. , 

What we really need is not change in 





the foregoing respects, but fair and 
honest administration of existing laws 
with sympathetic consideration and fair 
compensation to the individuals and 
organization with energy and ingenuity 
enough to bring out new products and 
devices for which the public is willing 
to pay a reasonable price. No device can 
be made successful without public ac- 
ceptance so long as we have any meas- 
ure of free enterprise left. 

Much has been said of taking away 
rights from owners of patents in recent 
years, and many charges have been 
made, without foundation, that they are 
impeding war production. No thought 
seems to have been given to dealing 
fairly with them probably because 
they are in a working minority, pro- 
ducing things which can be seen, but 
at sacrifices and costs that cannot 
possibly be appreciated by those who 
do not know how and in many cases 


never tried to produce anything use- 
a 


Move to Classify 
Rubber and Synthetic 


To CONSERVE RUBBER STOCK and ulti- 
mately to enable industry in general to 
make the widest possible use of rubber 
products, American engineers are devis- 
ing standard classifications, specifica- 
tions and tests for both natural and 
synthetic rubbers. Initally the new 
rubber classifications are to be recom- 
mended to the War Production Board 
for use in the war emergency conserva- 
tion program. Later, this work by a 
joint committee of the Society of Auto- 
motive Engineers and American Society 
for Testing Materials will serve to bring 
about thousands of new industrial uses, 

Primary objective of work done dur- 
ing the past several months has been to 
obtain the most effective and economical 
use of rubber stock. To this end, the 
number of rubber compounds has been 
reduced to less than one hundred from 
several hundred. Physical properties, 
characteristics and standard tests for 
each compound have been established to 
facilitate use for such industrial pur- 
poses as providing resiliency and ab- 
sorbing noise and vibration. 


War Is Engineer’s 
Main Business Now 


ON THAT STATEMENT will be based the 
program planned for the Society for the 
Promotion of Engineering Education, 
according to Henry T. Heald, president 
of Illinois Institute of Technology and 
newly-elected president of the society. 
Three main problems, in addition to its 
regular program of maintaining a 
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steady flow of engineers, face the society 
in this war, President Heald said. 

These are the maintenance of instruc- 
tional and research standards, full util- 
ization of the schools’ facilities for war 
research, and maintenance of defense 
training on a college level rather than at 
a trade-school level. Engineering schools 
are already having trouble maintaining 
their staffs against demands for engi- 
neers in the armed forces, Mr. Heald 
said. If this trend is carried too far 
the supply of graduating engineers must 
inevitably fall off either in numbers or 
in quality of training. In regard to use 
of facilities for war research, President 
Heald opined that the equipment and 
personnel of many technological schools 
is still unmarshalled for the war effort. 

The “too many engineers” plaint need 
not be feared, stated Mr. Heald. When 
peace returns, he said he had no doubts 
that reconstruction work and technolog- 
ical advance that are bound to come 
would more than absorb the engineers 
trained under wartime acceleration pro- 
grams. 


Thin Film Helps Measure 
Metal Surface Roughness 


DETAILS OF METAL SURFACES can be 
clearly magnified as much as 20,000 
times under the electron microscope by 
reproducing the microscopic hills and 
valleys of the metallic crystals on a very 
thin plastic film, which is then stripped 
off and placed in the electron micro- 
scope for examination. Film thickness 
of 1/500,000 in., equal to about a tenth 
of the length of yellow-orange light 
wave, has been found to be best by Gen- 
eral Electric scientists Vincent J. 
Schaefer and Dr. David Harker. 

After the metal sample is polished 
and etched for a few seconds with acid, 
it is dipped into a dish containing a 
solution of Formvar plastic in dioxane, 
a commercial solvent. It is necessary 
to do this within a few minutes after the 
sample has been etched and dried. 
Otherwise an infinitesimally thin film 
of grease or other contaminating mate- 
rial may form. 


Reynolds Metals Offers to 
Furnish Finished Blanks 


To ACHIEVE a number of vital econo- 
mies, the Reynolds Metals Company 
proposes that the equipment necessary 
to perform the operations of routing. 
blanking and shearing to exact sizes be 
moved from various aircraft plants to 
central locations as close as possible to 
the aluminum plants. 

Production of finished flat parts at 
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the source of the sheet supply has the 
following advantages: 

1. An average of 30 percent of all 
prime sheet shipped to airplane builders 
is ultimately returned as scrap: 

(a) Reduce the weight of the origi- 
nal shipment by 30 percent and save 
vital freight capacity. 

(b) Eliminate unnecessary handling, 
conserve plant space and release freight 
capacity on scrap returns. 


2. Scrap resulting from operations of 
shape making remains at the source: 

(a) Ready for instant re-melting, re- 
casting and rerolling. 

(b) Carefully segregated as to 
alloys. 

(c) Kept clean and uncontaminated 
by interested experienced hands. 

3. Avoid duplication of facilities: 

(a) Parts for many aircraft builders 
are made on a single set of machines at 
the source on mass production tools. 

(b) Small runs on semi-automatic 
machines at isolated plants are elimi- 
nated. 

4. Identical shapes for a number of 
builders may be economically produced 
in a single place on a volume basis. 

5. Skilled labor at the airplane plants 
is relieved of a job more advantageously 
handled at the source. 

In view of the current shortage of raw 
material, a program of this sort would 





undoubtedly relieve this situation to a 
large extent. Surveys have shown that 
the scrap loss for prime sheet in various 
aircraft companies averages 30 percent 
or approximately 8,000,000 lb. a month. 
This actually means that there is ap. 
proximately 16,000,000 lb. of idle alumi. 
num. Half is potential scrap on its way 
to aircraft companies as prime sheet— 
the other half is actual scrap being 
accummulated and _ returned to the 
source for re-processing. 


1,000 lb. Aluminum Saved 
In One War Plane 


Ir IS NOT GENERALLY RECOGNIZED the 
extent to which plastics and plywood 
are being substituted for aluminum in 
military airplanes. According to the 
Aircraft War Production Council, as 
reported by North American Aviation, 
Inc.. in its house organ, the “Sky- 
writer’. as much as 1,000 lb. of alumi- 
num are being saved in one type of war 
plane alone by the substitution of plas- 
tics and plywood. Plywood is replacing 
aluminum for such parts as_ troop 
benches. window frames, compartment 
linings and partitions, tail cones, fuse- 
lage noses, wing fillets, cabin doors, 
wing flaps. control surface tabs, nose 
wheel doors, antenna masts, air ducts, 
radio shelves, and life raft shelves. 

In addition to plastics and plywood, 








Part of a day’s production js this 
line of 20 mm. Oerlikon guns ready to 
be shipped from the Naval Ordnance 
Plant operated by Hudson Motor Car 


Company. These anti-aircraft guns T 
cently saved a convoy whose cargoes 
were worth more than the cost of the 
gun program, a Navy officer said. 
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Jow carbon steel is also being used en- 
tensively in place of aluminum. Per- 
haps the most striking example is the 
application of low carbon, low alloy 
steel in the construction of the North 
American AT-6A trainers. By ingeni- 
ous design, the finishing structure in 
some respects surpasses the correspond- 
ing aluminum structure in strength and 
safety factors. 


Industries Committee 
Boosts Scrap Program 


Jo REACH every manufacturing and 
business firm in the nation and impress 
upon them the absolute necessity of 
getting their scrap on the way to the 
production line, and to get business men 
cooperating with local salvage commit- 
tees of W.P.B. the American Industries 
Salvage Committee has recently been 
formed, it was announced by Robert W. 
Wolcott, chairman of the group and 
president of Lukens Steel Company. 
Supplementing contacts already estab- 
lished by the Industrial Salvage Di- 
vision of W.P.B. the new committee will 
make a direct approach to individual 
industrial concerns. Leaders in 50 in- 
dustries are being asked to serve as 
chairmen for their respective trades in 
abroad effort to see that every company 
appoints a salvage manager with author- 
ity not only to clean out production 
scrap, but also to junk obsolescent 
equipment and similar material. 


Extend Felt Standards 


ACCOUNTING FOR nearly 250 items in 
seven series, all of which are designated 
by wool content, width, thickness. color 
and tolerances, standards for wool felt 
have been extended to include the indus- 
try’s principal production and competi- 
tive numbers, the Felt Association an- 
nounces. Now included are sheet felts 
in hard, medium and soft grades to the 
very soft and pliant cushioning mate- 
tials, Included also is kapok felt for 
sound-proofing and thermal treatment 
of airplane cabins. The new list in- 
corporates S.A.E. standards for wool 
felt and the complementary A.S.T.M. 
methods of test. 


Two New Ansco Products 
Available After the War 


CoLor PHOTOGRAPHIC FILM that can be 
developed by the amateur by ordinary 

k-room methods, and of an unusually 
high quality in the faithful reproduction 
of color shades and tones, was recently 
exhibited as one of the latest products 
ofthe Ansco Company research labora- 
lories. The other development demon- 
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Cast iren bearing, weighing 44 
tons, has been polished to mirror-like 
smoothness to support 1,000-ton weight 
of waterwheel and electric generator 
rotor. Made by Westinghouse Electric 





& Manufacturing Company, it is here 
being checked before being shipped to 
Grand Coulee Dam for assembly in one 
of the 18 giant 108,000-kw. waterwheel 
generators Grand Coulee will have. 





strated is a new type of sound track 
made on sensitized cellophane instead 
of the conventional silver film with sur- 
face emulsion. 

The new Ansco color film gives amaz- 
ing results with reference to both true- 
color and remarkable detail. One of the 
examples exhibited was a photograph of 
a house and garden wherein seven dis- 
tinct shades of green could be clearly 
seen. But of perhaps equal significance 
is the fact that it is not necessary to 
send the exposed film to the factory to 
be developed. An amateur can readily 
develop the film. 

The new sound film developed by 





Meetings 


National Metal Exposition—“War 
Production Edition.” Public Audi- 
torium, Cleveland, Ohio, Oct. 12-16. 
W. H. Eisenman, Managing Direc- 
tor, 7016 Euclid Ave., Cleveland, 
Ohio. 

American Society for Metals— 
National Metal Congress and an- 
nual meeting. Cleveland, Ohio, Oct. 
12-16. W. H. Eisenman, Managing 
Director, 7016 Euclid Ave., Cleve- 
land, Ohio. 


15th National Exposition of 
Power and Mechanical Engineering 
—Grand Central Palace, New 
York, N. Y., Nov. 30—Dec. 5. Charles 
F. Roth, manager, Grand Central 
Palace, New York, N. Y. 











Ansco research uses a thin strip of cello- 
phane impregnated with diazo com- 
pounds. This sensitized film is printed 
by contact with an original photographic 
recording and then developed in am- 
monia fumes. The whole processing. 
printing and developing is done in one 
continuous operation at a speed of 80 
ft. per min., and in daylight, not in a 
dark room. The prints are then ready. 
without need for washing, fixing or dry- 
ing. 

Ozaphane. as this new film is called, 
costs only about one-tenth of what a 
silver film costs and has many points of 
superiority. It is small and compact. 
A roll the same size as a 1,000 ft. roll 
of silver film will play 60 min. as com- 
pared to 18 min. for a silver film. 

In normal times a company announc- 
ing new developments immediately 
places them on the market. But in this 
case, Ansco announced that so long as 
the war continues, its complete output 
will be absorbed by the Army and Navy 
and it will not produce its new color 
film and Ozaphane for the market. 





Do You Know That— 


CANS WITH FIBRE BODIES, reasonable 
facsimiles of tin cans previously used, 
can now be turned out on the same ma- 
chines used for the metal cans. (14) 


REVERSIBLE PITCH PROPELLER recently 
developed sends boats full speed astern 
or forward without reversing the en- 
gines or shifting gears. (15) 
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New ! 





Push-Pull Button Station 
For Motor Controls 


New safety push-pull button heavy- 
duty interchangeable units feature 
greatly increased safety and economy, 
plus the convenience of positive and 
simplified means of control. By incorpo- 
rating both the push and pull action in 
one button, two operations are thereby 
performed which cuts in half the num- 
ber of buttons formerly required in a 
control circuit. The normal position, or 
point of rest, is in the center. Definite 
action is required to move the button 
momentarily in either direction from 
the center. The button is pushed to stop 
the motor, but it must be wilfully pulled 
to start. Also, the use of one button to 
perform start and stop operations elim- 
inates the necessity for the operators to 





stop and look to see which of two but- 
tons should be pressed. The line in- 
cludes the following types: Push-pull, 
momentary, 3 position, (start-stop). 
Push-pull, momentary and maintained, 
3 position, (1-off-2). Push-pull, main- 
tained, 2 position, (on-off). Pull, mo- 
mentary, (start). Push, momentary, 
(stop). The Arrow-Hart & Hegeman 
Electric Co., 103 Hawthorne St., Hart- 
ford, Conn, 


Wide Range Variable 


Sheave 


Speed variations from 66 to 116 per- 
cent are possible with this new wide- 
range sheave, designed to be used with 
a companion sheave grooved for the 
new, wide Texrope V-belts. Manufac- 
tured in sizes to fit the shafts of all 
standard NEMA motors from fractional 
to 30 hp., wide-range Vari-Pitch sheaves 
provide a flexibility that is proving espe- 
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cially adaptable in textile mill and ma- 
chine tool applications, where wider 
ranges of speed variations are increas- 
ingly in demand. Companion sheaves 
are made in sizes to meet the require- 
ments of the wide-range applications. 
Allis-Chalmers Mfg. Co., Milwaukee, 
Wis. 


Electric Starters 


Designed for aircraft engines up to 
400 hp., tanks, landing barges, cargo 
freight liners and similar applications, 
this new line of direct cranking electric 
starters is claimed to have the highest 
power for its size of any equipment of 
this type. Compact design includes an 
improved safety clutch. Positive action 
is transmitted to the crankshaft through 
multiple gear reductions and driving 
jaw. Either 4-in. or 5-in. standard 
mounting pad is supplied. Right hand 





or left hand rotation is available. Al] 
starters are equipped with starting 
solenoids and inclosed type safety 
starter buttons. Model 1300, which will 
crank some 400 hp. aircraft engines, 
weighs less than 20 lb., is 944 in. long 
over all, 534 in. wide, and 7 in. deep, 
Champion Aviation Products Co., Los 


Angeles, Calif. 


Foot Treadle Switch 


New snap-action foot switch, mounted 
in a sturdy cast-iron casing, is fully in. 
closed and hooded for protection against 
dirt and chips. Snap-action is rapid, 
There are four switch blades with wip- 
ing action. Arcing is kept at a minimum. 
The switch has been tested to over 
250,000 offs and ons, showing no deteri- 
oration of parts or arcing effect. Heavy 
spring under cover avoids load on spring 
mechanism of the switch proper. Also 
adaptable to knee action. Rated at 20 
amp. on 250 volts a.c., its size is 
7x 4x 3% in., and its weight is 514 lb. 
Available in two models: double action 
for press to start and press to stop, and 
momentary contact for hold down for 
closed circuit. Simonds Machine Co., 
Inc., Southbridge, Mass. 





Versatile Timing Device 


Tandem Timer permits practically 
any timing sequence that may be de- 
sired in laboratories, production lines, 
and for life testing of electrical appara- 
tus. Automatic reset features make con- 
tinuous, as well as single cycle of 
operation possible. Control cabinet 
measures 81% x 81 x 5 in., and contains 
the on-off toggle switch, repeat and 
single-cycle toggle switch, single-cycle 
start pushbutton switch, pilot lamps 
receptacles, and sockets into which are 
plugged the two timing elements which 
control the single-pole, double throw, 
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Control unit 


load relays. Timing elements are syn- 
chronous motor-driven, automatic reset- 
ting timers, of sturdy design and con- 
struction, contained in a formed steel 
box measuring 5 x 5 x 3 in. Graduated 
dial and pointer knob allows quick and 
accurate selection of timing period. Six 
standard models available, offering set- 
ting from 14 sec. to 2 hr. 45 min. 
Industrial Timer Corp., 113 Edison 
Place, Newark, N. J. 


Gage Mechanism 


New and improved type of gearing in 
the form of cam and roller movement 
has been developed for use in pressure- 
indicating gages. The movement em- 
ploys a sector-shaped driving cam and 
a driven helical roller. One end of the 
pivoted cam is linked to the tip of the 





Bourdon tube, while the other end is 
aligned with and fits freely into the 
thread of the roller. A hair-spring limits 
the point of contact between cam and 
roller to only one side of each element, 
and prevents backlash. As the edge of 
the cam is in constant contact with the 
wall of the helical thread, there is no 
lag nor lost motion between these parts. 
Overstretch or collapse of the Bourdon 
tube cannot jam the internal mechan- 
ism. Driving cam is faced with plastic 
which shows no wear after millions of 
cycles of operation. Ball-shaped roller 
pivot rides on a bearing of dissimilar 
metal, minimizing friction of rotation. 
Back adjustment screw is available on 
all large gages, and effects positive 
recalibration without the necessity of 
opening the case. Certified Gauge and 
Instrument Corp., Long Island City, 


N.Y 
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Water Tight Sockets 


New water tight socket which takes 
a standard medium base Edison lamp is 
made of cold molded composition, out- 
side diameter 234 in., total depth with- 
out contacts 1144 in. The Woodwin No. 
860 has four holes around the top cir- 
cumferences through which the holding 
screws are placed. These holes are 214 
in. center-to-center across the circum- 
ference of the socket. Meets specifica- 
tions of the Maritime Commission. C. D. 
Wood Electric Co., Inc., 826 Broadway, 
New York, N. Y. 


Explosion Proof Timers 
Type TDIC and TD1 explosion proof 


timers are suitable for operations in at- 
mosphere containing gasoline, naphtha, 
petroleum, benzol, acetone, lacquer sol- 
vent, natural gas, and other explosive 
atmospheres. The illustration shows a 
Type TDIC explosion proof time delay 
relay which is laid out for panel board 
mounting with the setting knob and dial 
projecting. Within this housing it is 
feasible to mount either a TDIC or a 
TD1 with a small relay. The latter con- 
struction would be used where it is de- 
sired to control the timer from remotely 
located momentary start button. The 
R. W. Cramer Co., Inc., Centerbrook, 
Conn. 





Coolant Pumps 


Two new centrifugal coolant pumps, 
Model CE immersion type, and Model 
CF flange mounted type, are compact in- 
tegral units consisting of motor, pump, 
and built-in terminal box. Motor, %4 
hp., is totally inclosed and designed for 
continuous operation without overheat- 
ing. Ball bearings are permanently 
grease packed and there are no bearings 
below the liquid level to be affected by 
abrasives in the coolant. In the immer- 
sion type pump, perfect alignment of 
motor and pedestal is assured by rabbet- 
ing, and a heavy l1-in. dia. shaft elimi- 











nates vibration. Impeller is bronze, 
open-type, statically and dynamically 
balanced, secured to the lower end of 
motor shaft by key and locking nuts. 
Pumps are self-priming and may run 
dry without any damage. They will 
handle filings and chips as large as 
0.035 in. without damage. Bulletin is 
listed on “New Manufacturers’ Publica- 
tions” page. Gilbert & Barker Mfg. Co., 
West Springfield, Mass. 


Hydraulic Power Unit 


Model 5036 hydraulic power unit, 
designed specially for hydraulic chuck- 
ing installations on machine tools, but 
adaptable to other similar applications, 
is capable of operating additional cylin- 
ders and sustaining the pressure during 
the different executions of the work 
cycle. Pressure is maintained without 
the electric motor running constantly 
by a spring-loaded accumulator. Built- 
in pressure switch of a non-diaphragm 


341 














type automaticaliy shuts off the elec- 
tric metor when accumulator has been 
charged to 550 Ib. per sq.in. When 
accumulator has discharged sufficient 
oil to reduce hydraulic pressure to 450 
lb. per sq. in., the pressure switch will 
again start the motor. 
is 8 gal. per min. Pressure range is 
from 550 maximum to 450 lb. per sq. in. 
minimum. Oi] capacity of tank is ap- 
proximately 15 gal. Capacity of ac- 
cumulator is approximately 50 cu. in., 
at 550 lb. per sq. in. pressure. Electric 
motor requirements are 3 hp.. 1.200 
r.p.m., NEMA frame No. 254. Logans- 
port Machine, Inc., Logansport, Ind. 


Pump delivery 


Pipe Repair Band 


A repair device for small pin holes, 
leaks, and splits in straight runs of pipe, 
Style 77A Band Clamp conserves pipe 
materials. is simple in construction. easy 
to apply. prevents further damage and 
loss of line contents where small defects 
in the line occur. The clamp is a heavy 





one-piece steel band of circular split 
construction, with a riveted bolt lug at 
each end. A track-head bolt pulls the 
ends securely. Dresser Mfg. Co., Brad- 
ford, Pa. 


Loose Pulley Lubricator 


Designed to deliver a positive, con- 
stant and regulated amount of filtered 
oil through the shaft or bearing of loose 
pulleys, idler pulleys. clutches. eccen- 
trics, and similar rotating machine 
parts, this lubricator consists of a glass 
oil reservoir mounted on a hollow metal 
stem. Except for two small ports at 
the top. the stem is sealed from oil in 
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the reservoir. A felt wick inside the 
stem extends through the pulley hub 
and rests directly on the shaft. A com- 
pression spring is wrapped around the 
wick to hold it firmly in position against 
the shaft. As the lubricator rotates with 
the pulley, the centrifugal force throws 
oil against the top of the reservoir and 
into the two ports in the stem. Through 
them oil is admitted to the wick, which 
filters out all dirt and sediment and con- 
ducts oil to the face of the shaft. The 
amount of oil delivered is regulated by a 
small plug which controls area of oil 
ports. Five standard sizes are available 
in capacities from 14 to 24% oz., for 
standard tappings from 1, to 14 in. 
Oil-Rite Corp., 3466 S. 13th St., Mil- 
waukee, Wis. 











Air Furnace Iron 


Called “Afiran”, this air furnace iron 
is made by a special melting technique 
which produces a uniform distribution 
of graphite flakes through a pearlitic 
matrix. Because of the close grained 
uniform structure. it has high wear re- 
sistance, withstands high pressures and 
is readily machinable. Afiran is manu- 
factured in three grades. with tensile 
strengths of 30.000. 40.000 and 50,000 
lb. per sq.in. It is not recommended 
where sections are less than 14 in. thick, 
but has proved itself to be an excellent 
general purpose material. Terre Haute 
Malleable & Mfg. Corp.. Terre Haute, 
Ind. 


Blueprint Dryer 


Weaco blueprint dryer permits dry- 
ing of blueprints on the spot, and is 
claimed to dry a blueprint in approxi- 
mately 5 min. It is made especially to 





accommodate sheets of 30-in. blueprint 
paper in lengths up to 32 in. Chromium. 
plated drum measures 34x18 in. in 
diameter, and has a drying surface of 


32 by 52 in. Heating unit for drying js 
700 watts on 115 volts, either a.c. or d.c, 
operation. Heating element is 
guaranteed for five years. Drying belt 
is made of tough. pre-shrunk material. 
Warren Electric Appliance Co., Warren, 


Pa. 


Conveyor Pulleys 


Made with tight ends, the new Type 
N pulley for belt conveyors is easily 
kept clean. No spilled materials, dust 
or water can accumulate inside the 
pulley. Known as American Solid Con- 
veyor Pulley, it is made of rolled steel, 
is light in weight, and is practically 
unbreakable. Removable, interchange- 
able hubs assure quick, easy mounting. 
Available in pulley diameters from 6 to 
36 in. American Pulley Co., 4200 Wissa- 
hickon Ave., Philadelphia, Pa. 





Boots Curved Channel 
For Aircraft 


Consisting of the sheet metal wing 
style nut in combination with a curved 
channel strip, this curved channel has 
the important feature that permits nuts 
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to be replaced quickly and easily by 
snapping one out of the channel and 
snapping another one in its place. 
Curved channel is companion to regular 
straight channel. Available in standard 
semi-circles with radii ranging from 
23g to 1134 in. Ordinarily furnished 
with nuts in standard regular spacing, 
but can be supplied on special order 
with irregularly spaced nuts. Boots Air- 
craft Nut Corp., New Canaan, Conn. 


Electrical Testing Panels 


Standard Panels are designed to give 
required flexibility of electrical connec- 
tions necessary in research and develop- 
ment laboratories. Built for heavy-duty 





service. each Standard Panel is designed 
to meet individual requirements. Can be 
delivered promptly with high priority 
ratings. The Standard Electric Time 
Co., Springfield, Mass. 


Slot Insulation 


Non-bulking slot insulation, called 
“Irv-o-slot,” is for use in confined or 
limited space. Insulation is available 
in sheet and tape form from which may 
be cut slot strips. Following types have 
been developed: 








Dielectric 

Strength, 
Type volts per mil 
Resin-coated fish paper 600-800 


Resin-coated spauldo 600-800 
Varnished silk duplexed to fish 
paper ....1,050-1,250 


Thin varnished cambric du- 


plexed to fish paper 800-1,000 
Cambric duplexed to spauldo.. 800-1,000 
Varnished fiberglas duplexed to 

fish paper .. 800-1,000 
Fiberglas duplexed to spauldo.. 800-1,000 








These materials, plus straight-cut and 
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bias-cut varnished cambric in heavier 
combinations are said to provide for all 
slot requirements. Irvington Varnish 
& Insulator Co., Irvington, N. J. 


Multicircuit Switch 
For Aircraft Service 


Capable of opening, closing or trans- 
ferring as many as 20 circuits simulta- 
neously by means of a_ two-position 
operating knob, this new multicircuit 
switch uses G.E. switchettes stacked in 
pairs as its contact mechanism. The 
switchette is snap action, double-break 
in construction, giving it a high current 
rating. The multicircuit switch is avail- 
able with from 8 to 20 switchettes, and 
in either single-circuit or two-circuit 
form. A shaft toggle switch insures posi- 
tive switch position. Meets specifications 
set up by U. S. Army Air Forces. 
Weight varies from 51 to 107% oz. de- 
pending on size selected. General Elec- 
tric Co., Schenectady, N. Y. 





General Purpose Plastic 


With slightly higher impact strength 
and greater water resistance than 
former top-grade general-purpose phen- 
olic compounds, Durez 11540 is now 
adaptable to many new uses through a 
minor revision in its formulation. It is 
said to deliver excellent surface finish. 
Parts now being molded of this material 
include some which must withstand 
hard usage, such as field communication 
equipment, instrument cases, housings. 
It has met military approval for several 
war production parts. Durez Plastics & 
Chemicals, Inc., North Tonawanda, 


m. % 


Totally Inclosed Motor 


Totally inclosed, fan cooled, Type 
EA, Torq Motor is cooled by a large 
blast of cooling air directly over the 
stator laminations and end bells be- 
tween the inner steel frame and the 
outer shell. Seal between end bells and 
stator frame is a machined rabbet. The 
motor is completely ball bearing 





equipped, and bearings are inclosed and 
sealed in grease. Stator frame is welded. 
Rotors also are all-welded, and are care- 
fully machined to insure proper air gap 
clearance. Shaft is ground, and motor is 
carefully checked for dynamic balance. 
Available in frame sizes from 203 to 


326. Frame sizes 203 and 204 are 
totally inclosed but are not fan-cooled. 
Bulletin is listed on “New Manufac- 
turers’ Publications” page. Torq Elec- 
tric Mfg. Co.. 6607 Ave., 
Cleveland, Ohio. 


Carnegie 


Ferrule Resistor 


Designed to provide easy interchange- 
ability without use of tools, Ohmite fer- 
rule resistors are protected by vitreous 
enamel coating. Resistor wire is wound 
on a ceramic core, the wire terminated 
on cup, sleeve or cartridge-type metal 
ferrules. Special cores which will with- 
stand thermal shock tests and protective 
coatings which defy salt water immer- 
sion are available. Ohmite Manufactur- 
ing Co., Chicago, Il. 





Saves Cleaning Time 


material, made of 
cellophane and laminated cotton scrim, 
can save hours spent in removing coats 
of protective grease from metal parts. 
Cellophane strengthens the fabric and 
adds to its acid and oil resisting quali- 
ties. Coverings may be closed by twist- 
ing ends or hot-sealing. Parts wrapped 
in ‘“No-Ox-Idized” material may be 
cleaned at factory and shipped without 
further protection except light coat of oil 
or lump of silica gel inside wrapping. 
Dearborn Chemical Co.. Chicago, Il. 


New wrapping 
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Books and Bulletins 





Mechanics of Aircraft 
Structures 


Joun E. Youncer—Second Edition. 
396 pages, 6x9 in. Blue clothboard cov- 
ers. Published by McGraw-Hill Book 
Co., Inc., 330 West 42nd St., New York, 
N. Y. Price $4. 


First edition of this book was pub- 
lished under the title “Structural De- 
sign of Metal Airplanes,” of which 
about 40 percent of this second edition 
is a revision. Because of the great 
progress in development and expansion 
in types of airplane construction, the 
author has found it necessary in this 
present volume to limit the text strictly 
to the mechanics of the structure. 

Following a description of airplane 
design requirements and a compendium 
of the properties of materials of fabri- 
cation, the author proceeds step by step 
with the analysis and design of typical 
elements and types of structures used 
in aircraft construction. The last three 
chapters deal with pressure-cabin struc- 
tural design, wing flutter and other 
structural vibrations, and riveting in 
aircraft construction. 

The book contains numerous graphs 
of the relations existing between the 
variable factors in design. Much tabular 
matter is also included that is valuable 
as reference data. 


An Introduction to Control 
Engineering 


Ep S. Smiru—814 x 11] in., 142 pages. 
Paper covers. Published by Ed S. Smith, 
c/o C. J. Tagliabue Mfg. Co., Park and 
Nostrand Aves., Brooklyn, N. Y. 
Price $2. 


The material included in this book 
is intended for the use of anyone work- 
ing in the art of control and its applica- 
tions in the process industries who 
wishes an introduction to the subject 
and its literature. It is assumed that 
the reader has studied the physics and 
mathematics which underlie the prin- 
ciples of operation of industrial instru- 
ments of the variable measuring and 
controlling class. 

The first section of the book is mainly 
devoted to terminology and a descrip- 
tive treatment of control and its appli- 
cation, this is followed by sections 
covering quantitative analysis of con- 
trol, various aspects of control, physics 
and lower mathematics used in con- 
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trol, and higher mathematics used in 
control. A list of reference books and 
papers is also included. A separately 
bound volume of figures supplements 


the book. 


Engineering Index 
d7th Edition 


Annual volume for 1941. Compiled 
and published by Engineering Index, 
Inc., 29 West 39th Street, New York, 
N. Y. Price $50. 


This volume contains 26,000 annota- 
tions of important articles published in 
current technical periodical literature 
during the year 1941. Each annotation 
is appropriately cross-referenced for 
subject matter and topic; there are 
40,000 cross-references to these annota- 
tions. Included in the volume is an 
index of authors and contributors. Also 
included is a list of the publications 
reviewed. 


Industrial Statistics 


H. A. FrEEMAN—178 pages, 6 x 9 in. 
Black clothboard covers. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York, N. Y. Price $2.50. 


This volume deals with several of 
the statistical features of the problem 
of establishing a systematic program 
through which the quality of industrial 
output can be studied and controlled. 
Examples are given of the uses of ele- 
mentary statistical methods in the de- 
sign and analysis of experiments car- 
ried out in industrial plants and scien- 
tific laboratories. 

The subject of statistical technique 
and procedure is treated under five main 
divisions; the difference of two means, 
differences among several means, rela- 
tionship among variables, systematic 
quality control, and sampling and the 
risks of producers and buyers. 

The manuscript of this book has for 
the past several years formed the basis 
of a course in industrial statistics given 
at the Massachusetts Institute of Tech- 
nology. 

e © e@ 


Acme and Other Translating Threads 


Prepared by the sectional committee on 
the Standardization and Unification of 
Screw Threads (Bl) of the American 
Standards Association. Approved by the 
Association, September, 1941, Published 





by the American Society of Mechanica] 
Engineers, 29 West 39 St., New York, N. Y. 
Price, 45 cents. 


Known as ASA B1.3-1941 this standard | 
describes and defines scope and purpose 
of Acme and similar threads primarily 
used as translating screws. Outline dray. 
ings of profiles, basic dimensions and tol. 
erances are given for general purpose acme 
threads, 29 deg. stub threads, 60 deg. stub 
threads, and 10 deg. modified square 
thread. Nomenclature is also listed and 
defined. 





New Welding Standards 


Prepared by technical committees oj 
the American Welding Society. Both 
standards are published in bulletin form 
by the American Welding Society, 33 
West 39th St., New York, N. Y. Price 


per copy 40 cents. 


“Standard Methods for Mechanical 
Testing of Welds” describes in detail the 
principal mechanical tests applied to 
welds, including tests for density, sound- 
ness, tensile strength, shearing strength 
and ductility. 


“Definitions of Welding Terms and 
Master Chart of Welding Processes” gives 
the standard definitions of welding terms 
adopted by the American Welding So. 
ciety. This booklet also includes a chart 
showing the various subdivisions of the 
principal welding processes, namely; 
forge welding, resistance welding, arc 
welding, gas welding, thermit welding and 
brazing. 


Aluminum Alloys for Aircraft 


T. L. Fritrzten—30 pages, 4}x7j in. 
Paper covers. Reprint of paper presented 
at tenth annual meeting of the Institute 
of Aeronautical Sciences. Available from 
Reynolds Metals Company, Louisville, Ky. 


Manufacture of aluminum from bau 
ite to the finished cast or wrought metal 
is described briefly. Includes the effects 
of working, alloying, annealing and heat 
treating. Fabrication procedures, specif 
cations, inspection and uses for sheet and 
plate, rolled rod, extruded rod, bar and 
shapes and tubing are presented in some 
detail. Three tables of properties at 
also included. 


Inspection of Fusion Welding 


Prepared by committee on Recommendes 
Practices for Inspection of Welding. Pub 
lished by the American Welding Society, 
33 West 39 Street, New York, N. Y. Price, 
40 cents. 


The full title of this report is “Recom 
mended Practices for Inspection of Fusio 
Welding.” It is a comprehensive treatmet! 
of the many factors involved in the inspec 
tion of welds made by the arc and oxyac® 
tylene processes. A considerable part ° 
the report deals with the welding charac 
teristics of both ferrous and non-ferrous 
metals. These sections describe the PA 
cipal types of defects that may be encou® 
tered, indicate their usual causes, 4 
state how they may be remedied. 
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Properties of Thermoplastic Materials 


HORACE C. HILLMAN 


Production Engineer, Lockheed Aircraft Corporation 


) 0.5 1.0 
| 
UNITS 


Tensile strength (1 unit = 12,000 p.s.i.) 


strength (1 unit = 40,000 p.s.i. 


mpact = 
(1 = Izod; C = Charpy) 


vait = 
(M Scale) 


Flexural strength (1 unit = 20,000 p.s.i.) 


Modulus of elasticity (1 unit = 
(105 i.) 


Elongation (1 unit = 40%) 


(20° — 85°F for 80 hr.) 
Specific gravity (1 unit = 2.50 g/cc) 


Specific volume (1 unit = 30 cu. in./Ib.) 


(Ability to support combustion) 


rate = 
{10°4 cal./sec./sq.cm./1° C./em.) 


Heat resistance (1 unit = 500°F.) 


Thermal expansion (1 unit = 20x10-5/1°C.)} 


constant (1 unit = 
(108 cycles) 


vnit = 
(108 cycles) 


(Immersion — 24 hr.) 


Injection (1 unit = 500°F.) 


emperature 


Compression (1 unit = 500°F.) 


Injection (1 unit = 30,000 p.s.i.) 


Compression (1 unit = 10,000 p.s.i.) 


Organic solvents 


ing ities 
(T. 


(Ease 
Brittleness 
Dimensional stabil 
stability 
Clarity 


Aging 


Effect of 
1es 


on sense of feel 


Typical applications 


* CELLULOSE 
ACETATE 
BUTYRATE 


ACRYLATE 


** POLYVINYL 
COMPOUNDS 


Soluble in Ketones and Esters 


Surface softened 
by Alcohol 


ransparent 
m 
lent 


Best for extrusion and 
for pastel colors and 
resilience. 


* Cellulose Acetate has been omitted for standardization 
Advantages: Cheaper, used for injection moldings 


Disadvantages: Extrudes poorly 


Soluble in Aromatic 
Hydrocarbons 


Excellent 


mited 
Good 


Parts requiring adhe- 
sion, flexibility and/or 
transparency. 


Swells in Aromatic 
Hydrocarbons 


Transparent 


Used as a sealing com 
pound as in fabric, 
wood and metal. 


POLYSTYRENE 


Soluble in Aromatic 
and Chlorinated 
Hydrocarbons 

to Poor 
ransparent 
nlimited 


Yellows 


Excellent 


Best used in electrical 
work as a combination 
of support and insula- 
tion. 


** Compounds ot Vinyl Chloride and Vinyl Acetate in 
various proportions 
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